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of Boll’s Calva sterias antipodum and Sliulon’s Calvastenas stolidota and has supplied 
information concerning essential anatomical details, omitted by the describers. 

From acknowledgments to many colleagues who have directly or indirectly 
aided my work it is to be hoped I have made no serious omissions in the introductory 
paragraphs to parts 1 and 2. It is a truism not too often repeated that no serious 
piece of scientific work enn be completed without the cooperation of others. 

In bringing this monograph to a close it is perhaps permitted one to indulge in 
the pleasant retrospect of personal contacts and to record the hearty cooperation of 
the staff of the United States National Museum which has been more formally 
alluded to in the foregoing parts. The late Dr. Richard Rathbun, then assistant 
secretary of the Smithsonian Institution, always evinced a lively interest in the 
progress of this report — an interest which has happily been continued by his suc- 
cessor, I)r. A. Wetmorc. Nor should I forget, in matters taxonomic, the wise deci- 
sions of such experienced experts as Dr. Theodore Gill and Dr. Leonhard Stejneger; 
nor in matters of book making, the seasoned counsel of the editor, Dr. Marcus 
Benjamin, cheerfully tendered for over a score of years. 

Tho retrospect, coining nearer home, inevitably focuses on the late Dr. Charles 
Henry Gilbert, long professor of Zoology at Stanford University. A scientist of 
unusual talents and a controlled and logical mind, he followed to the letter the 
Bairdian precept that what is worth doing is worth doing well. To him as professor, 
colleague, and friend, I owe much, as well as to our mutual professor, colleague, and 
friend, the venerable Dr. David Starr Jordan. But for their confidence the present 
monograph — and others — would have been the pleasant task of another. 

SYSTEMATIC DISCUSSION OF THE FAUNA 

Order FORCIPULATA Perrier * 1 
Suborder Asteriadina Fisher 2 

Family ASTERIIDAE Gray 3 
Subfamily Asteriinae Verrill (emended) 

Astcriinac Verrill, Shallow-water Starfishes, 1914, p. 42.— Fisher, Ann. and Mag. Nat. 

Hist., ser. 9, vol. 12, 1923, p. 250; Bull. 76, pt. 2, 192S, p. 57. 

Diagnosis . — Astcriidao with abactinal spines short, slender to stout, conical, 
tubcreular-subglobose, variously gran aliform, sharp to capitate, single or in groups 
dmt not as a rule prominent, styliform, or acicular, and more or less spaced and iso- 
lated), abactinal plates in more or less definite longiseries or irregularly reticulate, 
sometimes abortive; Retinal area sometimes broad, with upwards of five longiseries 
ol plates, sometimes without any actinal plates; genital apertures dorsal, lateral, or 
ventral; adamhulcral spines with or without clusters of pedicellarine. 


1 Key to tho orders of Astoroidoa, see pt. I, p. 16 
1 Key to the suborders and families of Forcipulata. see pt I, p. 3. 

1 Key to the suhfamlles of Astorildae, sec pt. 2, p. 56. 
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K It T To THE OKNEKA or KTEKIINAK, NOT ASTERnS A K, AND SKOM iRNI AaTERIN UC Of THE NORTH E It N HE MIAMI ERE • 

a 1 , Adambulaeral spines provided with clusters of straight, or of straight and eroased pedicdlari no, 
or exceptionally with only single pedicellariae. 5 

fc>. Adambulacrals diplaeanthid, or mixed diplncnnthid and triplacanthid, or mixed diplacantl id 
and monaeanthid. 

cK Dorsolateral plates not arranged in fairly regular longiscries; almctinal skeleton an irregular 
net, with or without the carinals in an evident Inngisories. 
d‘. Gonads opening dorsally; species never carry eggs and young (so far as known). 

c 1 . A single series of aetinal plates either spineless and more or less superficially invisible, 
or with a small single spine; a single series of aetinal papular areas alternating 
with the aetinal plates; furrow spine of alternate ndambulacral plates more or 
less advanced into furrow; infcromarginal plates strictly aetinal in position, the 
supcroinnrginals defining ambitus; cross pedicellariae not unusually large. Type, 

A . rube nx Linnaeus A uteri as Linnaeus. 

e J . Aetinal plates in three to five prominent series (each plate bearing one or two stout 
spines), separated by series of papular areas; furrow spine of alternate adam- 
bulaeral plates often somewhat advanced into furrow; inferotnarginals usually 
not aetinal but lateral in position; crossed pedicellariae not unusually large. 

Type, A. troschclii Stimpson EiaMcrieis Yerrill. 

c 4 . No aetinal plates; with unusually large, slender-jnwcd, crossed pedicellariae; abaclmal 
skeleton weak; marginal plates strong with one prominent supermarginal and one 
still longer infcromarginal spine; adambulaeral plates mostly diplacanthid, with 
sometimes numerous straight pedicellariae along furrow margin; some of these 
occasionally attached to base of furrow spines 6 id not usually. Type, .lsfera- 

canlhion linckii Muller and Trosehel l 'rastcrias* Verrill. 

<P. Gonads opening vcntrally; many species known to carry eggs and young; abactinal 
skeleton more or less open, the dorsolateral plates usually irregular, but spines 
sometimes in poorly defined longiscries; spines usually small, normally with a 
small or fairly thick collar of pedicellariae; crossed pedicellariae without enlarged 
teeth on the moderately broad terminal lip; one, or in large species, two scries of 
aetinal plates; adambulacrals diplacanthid or mixed diplaeanthid and monaeanthid; 
adambulaeral pedicellariae normally in clusters on the spines, but occurring singly 
and even very sparingly in individuals which have few pcdieellariao elsewhere on 

body. Type, Astcracanthion rnulleri Sars Leptastrrias Yerrill. 

c 3 . The dorsolateral plates have the appearance of being arranged in regular or subregular 
longiscries; in either ease the carinals and marginals arc always prominent and regular, 
and the dorsolateral small papular areas form longiscries. 
dK Amhulucral pores not unusually large; gonads opening vcntrally; adambulacrals dipla- 
eanthid or mixed diplaeanthid and monaeanthid. (Forms of L. camlschalxca, L. 

acqualis , and L. hciactis vancouvcri .) Lcpla.itrnas, pari. 

(P. Ambulaeral pores unusually large (quadriseriab ; nbnotinal ami marginal plates broad, 
lobed, elosely imbricated, with very small papular areas; dorsolateral plales in 
throe series proximally; plates closely covered with clusters of minute spinelets; two 
series of aetinals proximally; ndambulnerals mostly diplacanthid; gonads unkn >wn. 

Type six-rayed. Type, Lrptastmas maeropora Yerrill Stenasterias Yerrill. 

b 3 . Adambulaeral plates monaeanthid; with aetinal plates in one inconspicuous series or lacking 
and gonads opening vcntrally (paedophoric) ; size small; pedicellariae on adambulaeral 
spines rather few and inconspicuous. (Formae uf several species.) _ _ Lcptastcnai. part. 

* (M-rwr* nol known from north fuciflc marked with aitertik For a key to e- non of Southern llemtsphirr we p 217 
» The chuton of twHilcrlUrt'M' (Indh rruMod and straUhl, or ether In prrUomlmnoo. cr either alone) are a harActer^’ f slur* 
of .\ttcriat. ss., I^ptastmas. and Slenattenat Certain lwl»\ IdiialA of l^ptasiftta* (ai in /.. lUioraUt »h \«T the 

direction of few pedtcrllAriae, may a Iran*: or quite lark i«>llcrllarl/v' on the odamhularm) «p oca or in dried >;*<vimea« I II* few 
they moy hove had). The character L< fundamental and the few etocptlorvi an* InlUl lual or wind rather than »;w**A / 

grornUndica of the orotic Atlantic region anally lacks lhe*»o t^dlcei ariae. IV rini Sen 'pert men* have abundant a laml u'jvtaI 
spine p^ilcellarl**' 
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Adambulaernl spines devoid of attached pediccllariae, although large and small straight pedi- 
eelhiriae may occur on the surface of the plates or on fleshy peduncles attached to plate 
near base of spines; clusters of the latter in dried specimens occasionally appear to spring 
from the spine sheath but in reality do not. 

bK Abaetinal skeleton an irregular net with meshes of various sizes, the plates being sometimes 
closely but irregularly imbricated by their lobes; abaetinal plates not in rather obvious 
longitudinal scries (but occasionally in more or less evident transverse series); earinal 
series usually but not always distinguishable and frequently very irregular. 
cK Ada in bula oral plates diplacanthid, at least at base of ray; rarely triplacanthid and tetra- 
canthid. 

tP. Crossed pediccllariae unusually large, the jaws narrow and rather definitely hooked 
terminally; dorsolateral skeleton a very delicate and irregular meshwork which may 
degenerate into more or less disconnected plates; marginal plates conspicuously 
larger than dorsolateral; earinal and dorsolateral spines aeicular, isolated; actinals 
absent. 

c‘. Crossed pcdiccllariac very large, and of unusual form, with slender, serrate jaws ter- 
minating in an unexpanded unguiculate tip; marginal spines prominent, aeicular, 
one to a plate, the infcromarginals with a very large cluster or cushion and the 
superomarginals with a wreath of crossed pcdieellariac; very numerous, large, 
compressed-ovoid straight pediccllariae; gonads opening just above supermarginal 
plates in interbrachial angle. Type, Astcracanthion linckii Muller and Trosehel. 

Urastcrias* Vcrrill. 

e 3 . Crossed pcdieellariac smaller with relatively stouter jaws, scattered thickly over the 
abaetinal and lateral surfaces, but not in wreaths or clusters on the abaetinal or 
marginal spines; superomarginals monacanthid; infcromarginals diplacanthid, or 
mixed monacanthid and diplacanthid distally; gonads opening just above super- 
marginal plates a short distance from base of ray. Type, Astcrias panopla Stux- 

berg Icastcrias* Fisher. 

d 2 . Crossed pediccllariae not unusually large, but small, with blunt, terminally spatulatc, 
denticulate jaws — the conventional type. 

c\ No aetinal plates; dorsolateral plates numerous, irregular, with small spinelets and 
showing sometimes a tendency to form transverse series (usually, however, not 
well marked); infcromarginal spines two to four in a transverse series, the con- 
secutive combs closely plaeed. Inferomarginal spines bearing erossed pedicella- 
riac; abaetinal spinelets surrounded by a circlet of erossed pedieellariae. 
f l . Papulae compound, each subdivided terminally into upward of eight small papillae; 
infcromarginals diplacanthid, superomarginals monacanthid; adambulacrals 
diplacanthid; not fissiparous; gonads opening just above superomarginals 
abaetinally in interbrachial angle; large unguieulate straight pedieellariae. 

Type, Aphanasterias pycnopodia Fisher Aphanastcrias Fisher. 

p. Papulae simple, undivided; infcromarginals with three or four spinelets in a trans- 
verse comb; superomarginals with several spinelets in a comb; adambulacrals 
triplacanthid, at least in part; strongly fissiparous, rays upward of eight; 
gonads opening between supero and infero marginal plates, low on side of ray, 
in the axillary channel; large bivalvcd dentate straight pedieellariae. Type, 

Astcracanthion albulus Stimpson Slcphanaslerias Vcrrill. 

p. 1 apnlae simple, rays five, not fissiparous; gonads opening just above superomargi- 
nals at a distance from interbrachial angle; adambulacrals diplacanthid; infero- 
marginals and superomarginals with transverse comb of three or four spines 
each; straight pedieellariae small, compressed, lanceolate. Type, Astcrias 
japonica Bell Aphclastcrias Fisher. 
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r 1 . Actinal plates in two or three series «ir cqni\nhht . Ko~omblihg a liftmen * 
guinobnUu plates small with numerous .mull grui uliform, elr^r- et spim*let»; 
abuetiiml skeleton close-knit with smnll papular arras, ruthrr irregularly (It*- 
tributed dorsolaternlly but in definite nmrgir al ami m a tiiml hogiserh • ; carinal 
plates regular; ‘niperomnrginals slighth brundtr than inf< roinurgii nls; crowed 
pedicellariue surrounding papular arms, not in rirch ts arotiml »pinrh t«%; adain- 
bulacral platrs with a transvrrsr series of thrrr nr four Ppihe pniximally, usunll> 

three distally. T\ pe, .Is/rrun rona .Muller Sttchajtrt Ibi* Vernll. 

c 1 . Adainbulacral plates mnnncanthid. 

(/‘. Actinal ventrolateral) area broad with two to four longi^-ti* *> of conspicuous spiny 
net inal plates; actinostome very sunken; udoial carina narrow ami long; gonads 
opening ilorsally; carinal plates evident; dorsolateral skeleton robust, irn g liar 
with stout spines; in addition to large nnguicuhite straight pedicelliiriac, a peculiar 
small straight variety having on each jaw a short, sharp, and a long, truncate, 
laminate prong; among the adambulacral spines are clusters of straight pedicella- 
riae on long peduncles arising from the plates. Type, Aslcrins ochracrn Brandt. . 

Ptsas'er Muller and Trosclu.1 

<F. No actinal plates, the diplacanthid infcromarginals adjoining the adambulacrals. Re* 
sembling Tarsastcr; dorsolateral plates numerous, three or four tubed, forming a 
close reticulum on either side of the definite carinal series; spines short, cylindrical, 
blunt, mostly one on abactinal plates and two on infcromarginals; crossed pedicella- 
riao scattered, not in circlets around spines; papular areas small in about three 
dorsolateral and one intermargina) series on each side; no actinal papulae; ndoral 
carina composed of five pairs of contiguous adambulacrals; actinostome small, 
sunken; a few fairly large spatiilate denticulate, straight pedicdlariac; gonads 

opening dorsally. Type, I!>j<lrastcrias verrilli Fisher. Tarsa*lrocl<"* Fisher. 

b 1 . Ab.i tinal pkntes that is, the carinals and dorsolateruK, elosO-.-ct, i« vtnj reg ilar lungistri**. 

At >:ict i n:il spinelets few, stout, granuliform. 

c : . Inferomarginal plates with an oblique series of three or four very Hat, bladelike spires 
which form a prominent fringe along the edge of rav; above infcromarginals are ti\e 
very regular longiseries of plates, the stiperomarginals broadest, strongly imbricated 
in scries; whole abactinal surface, including superoinarginals, has a granular appear- 
ance; five or six very short spinelets per plate; actinal plates small, one corresponding 
to each inferomarginal; adambulacrals diplacanthid; tubr-feit quadrDeria! at base 

of ray. Type, Gastrastcr margnrHan v* Terrier (7n* f rnjS r* Timer. 

c-. Abactinals and marginals sparsely granulated, sublu xagonal, imbricated in m-uh very 
regular longiseries; actina* plates with short spinelets, a second series present at ba-e 
of ray only; primary apical plates enlarged, occupying all of the slightly sunken cen- 
tral portion of disk; adambulacrals diplancathid; resembling abactinally a short- 
rayed Zoroaste r. Type, Xcomorphastcr custich w.< Sladen.. Xfomnrphaitcr* Sla icn. 

Genus ASTK1MAS Linnaeus, emended 

Aalcria* Lin.naeis, Syst. Nat., ed. 10, 175s, p. 001; ed. 12, 1700, p. lOO'' Type, 1. ruber * 
Linnaeus. — Guay, Ann. Mag. Nat. Hist , lsto, p 17s; Synopri*. lsf»t>, p. 1 Tehuifii, 
lWv. Stull., 1S75, p. 3>. Bull, True. Zool. Snc. I^uidon. lssl, p. -192. Shoes, 
Challenger Asteroidea, Iss9, p. 500. Tkiihieh, Kxp. sei. Travailleur et Talisman, 
1S9I, p. 10S. — Fishkii, Ann. Mag. Nat. Hist., s* r. 9, \ol. 12, 1923, p. 59S 

Stcllonia Nakdo (part), Oken’s Isi*, 1 S3 1 , ]). 710. T\ pe, A. rubtn*, first species, designate 1, 
Fish kk, 1913. — Auassiz, Mem. soc. sci. nat. Noueluitrl, ls35, p. 191. 

Cranter Agassiz (part), Mem. soc. sci. nat. Ncueliatel, 1S35, p. 191 substitute name for 
Stcllonia ). — Fount:*, Mem. Worn. Soc., 1S39, Mil. X, p lit 

.1 itcmcnnthioTi MFi.lkh and Tuohgiiki* (part , Monntslwm Akad Wi*s. Berlin, is to, p 102, 
Archiv f. Nnturgeseh . 0 Jnhrg., vol. 1, IStO, p. 320. T> pe, .ts/rnus ru brn.i Linnaeus. 

Afiteracanthium Bhandt, MiddendortT’s Reisc in den nus> *r>Un Norden und Oten Sibirlctis, 
vol. 3, pt. 1, 1S51, p. 2s. Kmctulcd spelling for .Ufrruntnfbi n. 

03100 — 30 
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Allasterias Verrill, Amcr. Journ. Sci., vol. 29, 1909, p. 05. Type, A. rathbuni Verrill; 
S hallow -water Starfishes, 1914, pp. 53, I8S. 

F^rastcrias Veriull* Shallow-water Starfishes, 1914, pp. 53, 187. Type, P. albcrtcnsis 
Verrill. 

Diagnosis . — Asteriimie liaving the adambulacral spines provided with clusters 
of pedicellariae, gonads opening dorsally, superomarginals defining ambitus, infero- 
marginals strictly actinal in position, and a single series of actinal plates, either 
spineless and more or less superficially invisible, or with a single spine. Abactinal 
skeleton an irregular net with meshes of various sizes, the plates being sometimes 
closely but irregularly imbricated by their lobes; carinal scries usually distinguishable, 
often irregular. Adambulacrals diplacanthid or mixed diplacanthid and triplacan- 
thid, or mixed diplacanthid and monacanthid; furrow spine of alternate plates more 
or less advanced into furrow; gonads large, eggs small; development indirect, through 
a free pelagic larva. 

Asterias , 6 as here restricted, includes besides the well known type, A . rubens , 
A. vulgaris Verrill and A. jorbesi (Desor) of the Atlantic coast of North America; 
A. amitrcnsis of the North Pacific and western Arctic; A. amurensis rollestoni (Bell) 
and A. versicolor Sladen of Japanese waters. 

The genus probably does not occur in the southern hemisphere, being there 
replaced by Diplasterias (Podasterias)j some species of which closely resemble true 
Asterias. 

Both Allasterias Verrill and Paraslerias Verrill are straight synonyms of Asterias , 
sensu stricto. 

ASTERIAS AMURENSIS LUtken 

Plates 1-5; Plate G, Figures 2-S, 10, 11; Plate 7 

As/crios pectinate Brandt(?), not Linnaeus, Prodromus, 1835, p. 270. Kamchatka. 

As/crms amurensis Lutken, Videnskab. Meddel. fra d. naturhist. Foren. Kjobenhavn, 1871, 
p. 290. — Fisher, Ann. Mag. Nat. Hist., ser. 9. vol. 12, p. 598. 

Asterias rubens Murdoch, Rep. Internal. Polar Exped., Point Barrow, 1SS5, p. 159. 

Allasterias rathbuni Verrill, Amer. Journ. Sei., vol. 28, 1909, p. 65, fig. 5; Shallow-water 
Starfishes, 1914, p. 189 (“ Maloska” = Unalaska). 

Allasterias rathbuni var. nortonensis Verrill, Amer. Jour. Sci., vol. 28, 1909, p. 66, fig. 7 
(Norton Sound). 

Allasterias rathbuni var. anomala Verrill, Amer. Jour. Sei., vol. 28, 1909, p. 66, fig. 5 (St. 
Michael, Norton Sound). 

Allasterias rathbuni nortonensis Verrill, Shallow-water Starfishes, 1914, p. 191, pi. 78, 
fig. 2, text figs. S, 9. 

Allasterias anomala Verrill, Shallow-water Starfishes, 1914, p. 193, pi. 59, fig. 2; pi. 60, 
fig. 2; pi. G9, fig. 5; pi. 77, fig. 3; pi. 78, figs. 3, 4. 

Parasterias albcrtcnsis Verrill, Shallow-water Starfishes, 1914, p. 1S7, pi. 57, figs. 1 , 2; pi. 70, 
fig. 6 (Albert Bay, British Columbia). 

Asterias anomala A. II. Clark, Rep. Canadian Aretic Exped., 1913-191S, vol. 8, 1920, p. 8c. 

Asterias nortonejisis A. II. Clark, Rep. Canadian Aretic Exped., 1920, p. 8c. 

The following is a translation of Doctor Liitken’s original description : 7 


• For a lull summary of species see pape 205. 

1 Made by I>r. Adam B0vlnp, of the U. S. National Museum, to whom 1 am preatly indebted. 
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»murrn»*lH 

From the Okhotsk Sea ami the const of Amurlnml we linve n <|uan t it v of large specimens of 
this starfish. It is vcrv different from the one described liv Brandt under the name of Attrrneanthwn 
oeholtn*i»: this I have been able to determine through the kindness of the St. Petersburg Museum. 
The specimens from the Amur were collected by Captain Andrea. 

All the available specimens (including the one in alcohol) have very broad and tint arms the 
dorsal and ventral side of which are separated by a rather sharp border. The rnndrcpnric plate is 
large and easily seen, and is located nearer the center than the angles between the arms. I he dorsal 
side is rather densely beset with very short spines the position of which is without regular arrange- 
ment Thcv are placed singly, or two or three, sometimes four, together; along the mid hue of the 
arms thcv come together in a wavy line that stands out clearly between the rest of the spinal, s, 
which are scattered and weak. The spinular covering is d. user on the disk than on the arms. The 
individual spinules arc conical or eylindro-eonieal, covered with asperities, and terminating in one, 
two or three points. Between the reticulations of the skeleton there are numerous papulae; over 
the whole dorsal skin there are also a great many irregularly placed 2-ldaded pedicelhiriac, both on 
the trabeculae of the skeleton and in the interstices; on the spines themselves 1 have never observe, 
them Along the lateral edges of the arms the spines are densely placed in a multiple series, and 
thcv also have a peculiar flat excavated and spirally blunted form. After this dense s. nes of mar- 
ginal spines there follow on the ventral side first a zone which is nearly without spines, then a double 
(in large specimens triple or quadruple) series of similar but somewhat longer spines; then again a 
bare zone; and finally, near the tube feet, a dense double scries (in large specimens it is apparently 
multiple) of slender, 'nearly cylindrical, somewhat flattened and excavated ambulacra! spines. The 
2-bladcd pedicellariac which arc placed between these three ventral spinous zones arc noticeably 
larger than those of the dorsal side; but besides these a third form is present that is much smaller 
than those of the dorsal side, occurring in great quantities on the ambulacra! spines the marginal 
spines, and on the spinous zone between; they are especially present on the more or less excavated 
part of those spines which is turned away from the ambulacra) groove; at the base of the ambulacra! 
papillae there are furthermore to be observed quite a few large pedicellariac. The largest specimen 
before me has R = 120 mm., r = 35 mm.; the width of the arms at the base is 3S mm. 


The following is Doctor Liik ten's diagnosis: 

Dingnosi *. — Slat ura ampla. Branchiu quinque lata, depressa, ancipita. acie acuta superficiem 
dorsalem a ventral! separante. Spinac dorsales disci densius, brachiorum sparsms desp. .sitae, 
singable vcl 2-1 jnxtapositac, in media brachiorum parte saepc lincam continuain forinanles. breve*, 
eonieac vcl cvlindroconioac. aspcrac, apiec hifidac vcl trifidac. Corpus madreporiforme s|>octab.le, 
centre propior. Areae poriferae multiporae inter trabcculns scelcti ealearci. IVdiccllanae mmutae 
reetac compressac bi.lentes numerosac supra totam superficiem dorsalem sparsac, in spmis dorsaldius 
nullae. Ad margines latcrales brachiorum spinac breves, pinnae, excnvatac, obtusac, plunsenatae, 
dense collocatae. In pagina ventrali zonae lotigitudinales binae nu.lae, spinis f.-rc destitutae, cum 
scriespinaru.il similiun. sod panic major..... duplici (in parte intima brachiorum snepe tr.pbc. vel 
uuadruplici) alterant. Spinac ambnlacrales graciles, cylindricae fere, mcdiocritcr conipressae, 
eanalieulatae seriem duplieem formant vcl inultipliccm simulant. IVdiccllanae dorsaldius con- 
formes sed duplo urn j< ires zonas illas nudas inaximo numero orna.it, ad lmsm spinnrutn ambulac- 
ralium quoque crebre c.mspiciuntur; miiiutissiinae, confertae, cruciformes latus cavnm praceipue, 
podibus averssum, spinarum ventraliuin, ambulaeralium et marginnlimn freqncntant. 

Through the kindness of Dr. Th. Mortensen 1 have received a cotype, one of the 
original lot from (lie Amur country, tutd have made direct comparisons with numerous 
examples from Kamchatka and Al'askn, as well as with specimens of Attfria* amurrn*i* 
roUrstoni (Bell) from several localities in Japan. 

The detailed description is based upon specimens from station 3*242, 11 fathoms, 
Bristol Bay, Bering Sea. The colype, figures of which are given, is closely similar to 
these, with the exception of having slightly smaller crossed pedicellariac. 
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It is obvious that Asterias miens, Asterias vulgaris, and Asterias amurensis arc 
very closely related and it is profitle ss to discuss whether they arc distinct species or 
subspecies. There is no evidence of geographic intergradation between rubens and 
a m urensis. 

Diagnosis. Differing from A. rubens Linnaeus in having, when adult, conspic- 
uously broader rays, more numerous, usually shorter abactina! spinclcts; 5 to 10 
channeled or scoop-shaped superoniarginal spines instead of two to five more or less 
terete, tapered, cylindrical, or elavatc ones; in having a more nearly plane aetinnl 
surface (sharply defined by the rather thin edge of the ray, bearing a chcvcux-dc- 
frisc of superomargiunl spines), and by having a broader, flatter actinal intcrradial 
region; intermarginal spines frequently present. Kays constantly five; abactina] 
surface low-arched, resistant or flaccid; actinal surface nearly plane, with an unusually 
broad actinal area on proximal third of ray; rays broad at base tapering rapidly to a 
blunt point; interbrachia angular; adambulacral spines proxiinally usually three and 
two alternating; inferomarginal spines usually two. Large specimen, R 195 mm., r 
53 mm., R = 3.6S r; breadth of ray at base 65 to 67 mm., or one-third of r. 

Description . — This species is very variable. While large specimens all have the 
same general appearance and arc easily recognized, a detailed analysis of the struc- 
ture will reveal considerable diversity in the size of the skeletal parts, especially of 
the dorsum, and in the number, robustness, and form of the spines. The breadth of 
the ray increases with age in such a way as to alter very materially the appearance 
of the animals. Quito immature specimens arc therefore unlike the adults in general 
appearance. The following description is based upon a large specimen from station 
3242, 11 fathoms, Bristol Bay. (PI. 2, fig. 3; pi. 3, fig. 5.) Some of the variations 
exhibited by adults from southern Bering Sea are also noted. Under variations are 
listed the principal varieties which are present in a large series of specimens examined. 

The Bristol Bay example measures: R 195 mm., r 53 mm., breadth of the ray 
at base, 65 to 67 mm., or about one-third R. The actinal surface is low arched, 
rather stout and resistant, and is beset with numerous uniform, small but robust 
spinelets 1 to 1.50 mm. long, outlining a very irregular and quite open mesh, con- 
taining many papulae, some of which are retracted, others inflated. The skin is 
pulpy and minutely wrinkled. A carinal series is scarcely discernible, though it is 
well marked in other specimens from the same haul by reason of the spines being 
much more closely placed. Laterally the spinelets tend to form longitudinal irregu- 
lar series. I he spinelets arc about 0.75 mm. thick, often clavate, irregularly truncate 
with a groove or a shallow pit at the tip. The tip may be compressed and incipiently 
bifid. J he groove may be simply a cleft in the side of the little pit or it may 
extend down the side of the spine which becomes a thick-walled half-tube. The 
distal spinelets are mostly without pits or channels. There is a good deal of varia- 
tion, depending upon age and locality in the forms of the abactinal spinelets. They 
tend to become stouter and more gouge-shaped with age. In many small and medium- 
sized examples the spinelets are slender clavate or robust clavate, blunt or truncate, 
without an}" groove. 

The supero marginal plates defino the ambitus and their spines, which are about 
twice as long and two or three times heavier than the dorsolaterals, form a dense 
choveux-de-frisc on the very angular margin of the ray. There are six to eight divar- 
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irate, spntiilntr, gouge-shaped, round-tipped, spines to oneli plate of the proximal 
half of the ray (fewer distallv and proximally ill small specimens) and the dusters are 
close together. The channel is usually, hut not invariably, on the upper or abaci inal 
sides of the spine, and in small specimens the spines may not be channeled at all 
but simply clnvate, and of varying degree of robustness. 

X early midway between the ambitus and furrow margin is a double row of gouge- 
shaped spines separated from the superomarginnls. by a conspicuously broad inter- 
mnrginnl channel and from the ndnnibulacrnls by an netinnl channel, both densely 
covered with papulae. While in this specimen there an 1 only occasionally three 
inferomarginal spines, some examples, as, station 3243, have fairly regularly three 
on each plate of the proximal half of the ray, in addition to one or two short 
scries of inter marginal spines (springing from intermarginal ossicles). The large 
specimen from station 3242 has no intermarginal spines but another from the same 
haul, with K 15G mm., lias a series extending nearly half the length of ray, and 
spaced from these, toward the margin, a second row not so long. There are thus on 
the proximal third of ray four parallel series of spines, of which two are inferomarginal. 
The inferomarginal spines are untapered, or slightly broader at the tip than midway, 
or the reverse, and the depth of the channel, which is on the admarginal side, varies 
greatly in diHerent examples, being absent in young. In the largest specimen the 
spines are 3 to 4 mm. long by 1 to 1.25 mm. broad. The iirst spine corresponds to 
the eleventh adambtilacral plate. The marginal and abaetinal spines are distallv 
rough and minutely thorny. 

The netinnl channel is well marked but not so broad as the intermarginal. 
There are no netinnl spines, but a single scries of small netinnl plates, largely obscured 
by the inferomarginals, is present. 

The adambulaeral spines are longer than the inferomarginal (about 5 mm.) and 
are so placed as to form three longitudinal rows along the margin of furrow. The 
spines of the innermost row arc only on alternate plates, are set rather well into the 
furrow, on the furrow face of the plate, as in Astcrias rubais, and are compressed, 
tapered, and bluntly pointed. This is followed by two slightly longer, often tapered, 
blunt spines (or by only one on the outer part of the ray) having a variably developed 
channel or groove down t lie outer side. The plates alternating with these have, 
proximally, two grooved subamlnilncral spines; distallv only one. There are thus, 
proximally, three and two adambulaeral spines alternating and distallv two and one. 
Another large specimen from this station, already referred to, lias tsvo spines on both 
sorts of plntcs proximally and distallv two and one, alternating. The grooves on the 
subamhulacral spines becomes less and less well marked in progres>ively smaller 
specimens. It is normlly absent in small specimens even though well marked in 
large examples from the same locality. (The position of the furrow spine of alter- 
nate plates, near the morphological upper end of the adambulaeral plate, I oil Pro- 
fessor Verrill to found the genus Allasterias. But the alternate furrow spines of 
Astcrius rube ns, t ho type of Asterias, hn\e the same position.] 

The mouth plates are sunken and bent down toward the aclinostome, as is 
characteristic for the genus, but the oral angle although composed of upward of six 
pail's of contiguous adoral adambulaeral plates, is not a thin carina as in Ortlin<tt rias 
and /'mister, but broadens rapidly from the apex ami is stout, and crowded with 
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prominent spines. The mouth plates are small (but relatively larger in medium- 
sized and young examples) and the strongly arched sutural surface is turned toward 
the aetinostome so that the chord or long axis of the surface is not horizontal but 
more nearly vertical, varying to about 45° in younger specimens. There are two 
spines on each plate— a slightly curved tapering blunt one at the inner end, directed 
over aetinostome, and a straight tapering longer one, about the middle, and bent 
away from aetinostome. The first adnmbulacral plate is conspicuously larger than 
the second, and the second than the third. In the largest specimen the first plate is 
ac dually about three-fourths as long as the corresponding sutural dimension of the 
mouth plates; the second is three-fourths the first; the third, three-fourths the second, 
and the fourth, three-fourths the third; the fifth and succeeding plates about the same 
as the fourth. Viewed from the furrow face these plates resemble the stones of an 
nrcli, as the series is bent toward the aetinostome at the inner ends. In small speci- 
mens this arching becomes less and less evident with decrease in size, and fewer 
plates are joined behind the mouth plates. The first and second adambulacrals, 
and sometimes the third also, carry but one spine. The first furrow spine may occur 
on the third plate or not until the seventh or eighth. 

Abundant abactinal, intermarginal, and actinal papulae, the number increasing 
greatly with age. 

Pedicellariae very abundant. Small ovate to lanceolate straight pediccllariae, 
much smaller than the spinelets, are scattered over the abactinal surface (largest in 
interradial depressions), on the superomargiual, intennarginal, and inferoinarginal 
plates and the bases of the spines, and on the adambulacral and mouth plates and 
spines. There is a cluster of about 5 to 10 near the end of the furrow spines, and in 
addition to the more numerous crossed pedicellariae, also several near the end of the 
other adambulacral spines. Straight pedicellariae of the actinal surface are fully 
twice as large as the dorsal; of the former the intermarginal are probably the largest, 
though in some specimens the size increases slightly toward the furrow (but the 
adambulacral spinal pedicellariae are smaller). The number of pedicellariae varies 
greatly with age, and to some extent with locality. 

Small crossed pedicellariae present on the abactinal and actinal surfaces, forming 
usually a single circle around the dorsal spines, and are distinguishable in dried speci- 
mens from the straight pedicellariae by their smaller size and blunt rounded tips. 
(The straight pedicellariae are found on the plates and among the papulae, and some 
of them are quite as small as the crossed.) The crossed pedicellariae, also, form 
clusters on the upper and outer sides of all the marginal and subambulacral spines, 
but not on the alternate jurrow spines which carry only straight pedicellariae. 

The pedicellariae are treated in some detail under Variations, where comparative 
measurements are given. The measurements of pedicellariae of a giant specimen 
would be somewhat misleading. See also, figures. 

Madrcporic body large, circular, nearly flat to decidedly convex, situated one- 
half r from center. It is 7 mm. in diameter and the fine striae radiate from the center. 

Variations . — The breadth of the ray and width of intermarginal and actinal 
channels increases with age, as do, in general, the number of spines, pedicellariae, 
and papulae, the rigidity of the skeleton, and thickness of the spines. These changes 
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operating together, or only in part as sometimos occurs, effect considerable difference-, 
in general appearance. 

But in medium-sized and large examples that may reasonably he regarded as 
mature there nre rather striking variations. The nbaotinal spines differ somewhat with 
practically every locality, and even at the same station exhibit minor differences not 
connected with age. They vary from fairly slender, slightly tapering, to stout, cylin- 
drical, or clavate. The end may bo merely blunt; or bilid or trilid; or swollen; or 
compressed a little and therefore sometimes spatulate, usually with a faint to decided 
groove. Such gouge-shaped spines predominate on the proximal part of the ray of 
some examples which have the spines of the distal half more generalized, Oiougc- 
shaped spines are rare on immature examples, even though the adult lias them well 
developed. 

The stoutness of the nhactinal ossicles and the relative size of the meshes of the 
skeleton are variable. The skeleton is sometimes quite flaccid, hut this may he due 
partly to maceration in weak alcohol. In examples from shallow water both stout 
(station 3231) and relatively weak (station 329$) plates are found. The character 
of the bottom, and available food may affect this condition, but nothing is known 
concerning the cause of the difference. Usually the skeletons composed of weak 
plates carry the small terete, unmodified spines. 

The marginal spines of shallow-water specimens seem to be at least slightly gouge- 
shape or grooved down the outer side in mature, large examples, but the stoutness of 
the spine, its form and the size of the groove varies greatly. In extreme cases the 
inferomarginal spines, which may be taken as an index, are rather slender, tapered, 
and only faintly grooved (PopolT Strait), while from the same locality another large 
specimen lias spatulate conspicuously furrowed spines relatively two to three times 
as broad. From station 3231 (see p. 19) are examples of forma anomala having ill 
stouter more scoop-shaped spines. There is every gradation between the extremes. 
In young, the marginal spines are always slender, and much more constant in form. 

Certain specimens without reference to locality have one or two rows of inter- 
marginal spines on the proximal part of t lie ray, the number of spines varying. Some- 
times they have the appearance of completely tilling the intermarginal channel prox- 
imally. This feature occurs in specimens from various parts of the range, for instance, 
southern Bering Sea, Norton Sound, Pctropnvlovsk, and in forms with both slender 
and very stout spines. It is present also in examples from deep water (M fathoms, 
station 3257). 

While most of the inferomarginal plates carry two spines in an oblique series, 
certain plates here and there have three in a triangular group. Frequently at the ha-e 
of the ray there appears to he regularly three inferomarginal spines, but the outer is 
almost always an inti r marginal . 

The form of t lie subambulacral spines varies with that of the inferomarginals. 
When the latter are strongly silicate, the suhambulacrals nre also more or less deeply 
grooved. This is well shown in examples from station 3231 (forma anomala), from 
other parts of Bristol Bay, Popoff Strait, Norton Sound, St. Michaels, and Petro- 
puvlovsk. The number of ndnmbulucrnl spines is variable, two and three alternating, 
being the maximum. Often there are two on each plate or one and two alternating, 
with occasionally one and three. Kven in large specimens the maximum number is 
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f 01in( l only at the base of the ray, ono and two alternating being the rule on the distal 

The number of abartinal crossed pedicellariae is variable, but for accurate 
comparison the character is too difficult to handle precisely. The size of the crossed 
pedicellariae is, however, useful. There is an increase in size from northern Japan 
to Bering Strait, while in eastern Bering Sea there is a further increase with depth. 
In shallow water a curious variety with heavier skeleton and spines (forma anomala) 
has larger pedicellariae than the typical form. A comparison of the sizes and details 
of pedicellariae is taken up in the following section, but the figures will give the best 
idea of the variations. 


VARIATIONS OF SPECIMENS BY LOCALITY 

1. Amur ( Gulf oj Tartan/).— This is the cotypc, collected by Captain Andrea. 
As I have but the one specimen, no notes can be. given on the range of variation at 
the type locality; but there is no reason to expect that it is any less than at Pctro- 
pavlovsk. Liit ken, however, has described the types fairly completely, and I shall 
give a few figures of the spines and pedicellariae. R 115 mm.; rays flattened and 
distorted. 

The abaetimil spines give the impression, at first sight, of being mostly conical 
and pointed, but many of them are two or three pointed as Liitken writes. Such 
spines appear to have a notch or a pit at the tip, especially on the radial region; still 
others are frankly gouge-shaped at the tip. The abactinal crossed pedicellariae 
are few compared to the larger (but still small) straight pedicellariae, which are 
broadly lanceolate, acute, and about 0.375 mm. long. The abactinal crossed pedi- 
cellariae are about 0.23 or 0.24 mm. long. (PI. G, fig. 2.) 

There are eight or nine gouge-shaped supermarginal spines, proximally, and two 
rows of intermarginal spines; inferomarginal spines two, broadly grooved or gouge- 
shaped; a dam hula oral spines usually two to a plate, the alternate plates with the 
characteristic furrow spine. 

The actinal straight pedicellariae are broadly lanceolate, sharp and much larger 
than the dorsal (about 0.75 mm. long proximally oil the intermarginal furrow). 

Comparing the size of the actinal crossed pedicellariae of the cotypc with com- 
parable examples from Kamchatka, and of rollestoni from Japan, we have the 
following: 

rollestoni (11 125 mm.), Hokkaido, 8 0.17 to 0.23 mm. (PI. G, fig. 1.) 

amurensis (R 115 mm.), Amur, 0.25 to 0.2S mm. (PI. G, fig. 2a.) 

( imurensis (R 130 nun.), Pctropavlovsk, 0.3 to 0.3G mm. (PI. 6, figs. 3, 3a.) 

The actinal crossed pedicellariae of A. atnurensis rollestoni are therefore about 
three-fifths the length of those of A. amurensis amurensis from Kamchatka. The 
cotype (Amur) is intermediate, but rather nearer to the northern specimens. 

2. Pctroparfoi'sk, shore (PI. 1, fig, 3, pi. 3, figs. 2, 3). — There is a good series 
ranging from R 12 mm. to R 130 mm. (the last with r 35 mm., Iv = 3.7 r.). The 

• Sjx.*ciincns from Mororan on t lie south coast. .Most of the pedicellariae arc small, 0.18 to 0.21 mm , but rarely larger ones 
occur which measure 0.2fl mm. These are very much iu the minority, however. In Kamchatkan and Bering Sea examples ocea- 
s onnl pedicellariae are found which are considerably larger than the nv race. Specimens of rollestoni from farther south on the east 
e>is of Japan t&vc nctinr.l pedicella-Iio ns large as 0.27 nun. and as small us 0. IS mm. In typical rollestoni the abactinal spines are 
ft*er, stouter, and inure widely spaced. 
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nbactinal surface of large specimens is rather uniform in appearance. The dorsal 
spinelets are relatively small, a trille shorter and slightly less numerous thnn in tin* 
cotype. They are rather more stubbv and subelavate, hut are, however, scoop- 
shaped in many eases or inripicntly cleft at the tip; epidermis thick; straight 
pedicellariae rather few. Then* are six or seven supermarginal spines to a plate, 
usually one short intermarginal series, regularly two inferomurginnl spine>, and proxi- 
mally two and three adamhulacral spines, then t\so and two, and (list ally two ami one. 
The ventral spines have tin* usual armature of pedieollariae. 

The supermarginal and inferomarginal spines are robust and scoop-shaped, 
varying to a slenderer form, with or without a groove along the outer side. The 
marginal spines vary in stature from that characteristic of YerrilPs '* nortonen^i^ 
(yet Norton Sound examples may have thick spines) to the broadly spatulate scoop- 
shape form of forma anomala — medium slender to spatulate. 

The subnmbuhieral spines vary in size or robustness corresponding to the devel- 
opment of the marginal spines, and they usually have a well-marked groove down 
the outer side. A mature example, with K SO mm. has, however, slender siihamhu- 
lacral avid marginal spines without a groove or with only an indication near the tip. 
So far as form of spine is concerned, this series includes nearly the extremes of 
variation. 

The pedicellariae are larger than in the ootype, yet not so large as in some exam- 
ples from the eastern part of Bering Sea. 

The details of the crossed pedicellariae, always somewhat variable, are prett\ 
close to those of the cotype’s pedicellariae. The straight pedicellariae, however, 
begin to show* a tendency, much better marked in eastern Bering Sea specimens, to 
develop irregular spines at the tip of the jaws. (PI. 7, lig. 1.) No two pedicellariae 
are exactly alike and a comparison of figures will give a hotter idea of the structure. 
In the cotype there is only the faintest suggestion of this. (PI. 0, ligs. 10, a, b y c . ) 

The larger straight pedicellariae of the netinal surface are about 0.75 mm. long, 
or sometimes somewhat larger. The crossed pedicellariae of the inferomarginal 
spines, in a specimen with R 130 mm., are 0.315 to 0.3G mm., while in one with K Ml 
mm., they measure 0.29 to 0.325 mm. The latter is a specimen with slenderer spines 
than the first and the pedicellariae are a shade less robust. (Compare pi. 0, fig>. 3 
ami 3u.) These crossed pedicellariae, as noted in the preceding section, are larger 
than in the cotype. 

The young, of course, have narrower rays and in very small examples (K 20 
mm.) the intermarginal channel is lateral instead of ventral, while the ray is more 
nearly terete. This gives the creature nn entirely dilFeront aspect. There arc no 
actinnl papulae, only one intermarginal papula to an area, ami one or two nbactinal 
to an area. Superomarginal spines two or one; inferomarginal two; adambulacral 
two, two or one, two. 

3. Port Clarence , near Ihrintj Strait.— Two specimens. One lias K 105 

mm., r 25 mm., R-4.2 r.; breadth of ray at base 24 to 27 nun. The other ha» K 
S2 mm. In both specimens tin* nbactinal spinelets are small ns in the lVtropav|o\*h 
specimens, slightly more numerous, slightly tapered in some cases, blunt or incipient!} 
grooved in the larger, and more often bluntly pointed in the smaller. The lnrg< r has 
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10 or 12 siiperomarginnl spines to the plate proximally, while the smaller has about six. 
The larger has frequently three or four inforomargimil spines, and the intermarginal 
spaee of the proximal half of the ray is filled irregularly with similar grooved spines; 
the smaller lias regularly two inforomargimil spines and a single regular very short 
series of intermarginals. The spines are stouter in the larger specimens. Both have 
the adambulacral spines 2-3 proximally, but in the larger the sequence is irregular; 
a very few plates have four spines. The abactinal crossed pedicellariae are not 
numerous and do not form complete circles around the spinelets. The actinal crossed 
pedicellariae are very closely similar in size and details to those from Kamchatkan 
specimens, as are also the straight pedicellariae. 

In the larger specimen the carinal series of spines is not discernible at all; in tho 
smaller it is well marked. 

4. Norton Sound, Alaska (pi. 2, fig. 2; pi. 3, fig. 4). — There are five large speci- 
mens, no. 7621, from which the type of Verniks nortonensis was selected. The largest 
measures R 120 nun., r 36 mm., R=3.3 r; breadth of ray at base variable, about 
equal to minor radius. 

Those specimens are quite comparable to those from Petropavlovsk, being 
characterized by small but variable abactinal spinelets, few abactinal crossed pedicel- 
lariae, but numerous small straight ones, six or seven stout, grooved, supermarginal 
spines, moderately slender to distinctly robust gouge-shaped inferomarginal spines, 
and slender ungrooved to stout, grooved subambulacral spines. There are usually 
two and three, or two ami two adambulacral spines proximally, though the regularity 
is often broken. 

Two large specimens of the same size differ in that one has nearly twice as many 
abactinal spines as the other. The example with the more numerous spines has them 
stouter, often broadened and gouge-shaped at the tip, and with fairly complete 
circmnspinal wreaths of pedicellariae — about as numerous as in southern Bering 
Sea examples. The other one has more nearly cylindrical and bluntly pointed spine- 
lets and perhaps half as many crossed pedicellariae. 

In his description of AUasterias rathbuni nortonensis Verrili says that the type 
and only specimen seen “presents several rather strongly marked characters” but 
does not enumerate them beyond saying that “the characters that seem most impor- 
tant are the smaller size and the stouter form of the major straight pedicellariae. The 
dorsal and marginal spines are longer than in the typical form and the papulae are 
more numerous.” 

Tho straight pedicellariae (pi. 7, figs. 1, la) are not more robust than in specimens 
from other localities, there being variation in this regard. In an example with R 
114 mm., tho actinal straight pedicellariae are 0.75 to 0.S5 mm., and hence pretty 
close to those of the cotype and of Kamchatkan specimens. The tips of the jaws are 
more elaborately spiny than in either of the above. 

Tho crossed pedicellariae (pi. 4, fig. 4) are closely similar to those of the cotype, 
though larger. The abactinal are about 0.26 mm. long, and the actinal from 0.27 to 
0.315.; hence they are nearly as in Petropavlovsk examples. The form is also closely 
similar, the jaws being of the stouter type that is found in some of the heavier spined 
Petropavlovsk specimens. 
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The subambulacral spines are slenderer tlmn is usual, but are grooved at least 
on the distal part of the spine. (See Vcrrill, 101 \ , pi. 7*\ fig. 2.) Professor VerrilFs 
typo of nortonrnsis is an unusually slendcr-spined specimen; two of mine have some- 
what stouter suhamhulaerals. These, as well as tin* infcromnrginnU, arc stoutest in 
the large specimen with the fewest abaetinal spinelets, noted above. 

5. Specimens from 50 fathoms or deeper . — Stations 322'), 3257, 3310, 331 1, 3331, 
3335 (pi. 4, figs. *1, 5), 3538, 3530, 3517. 

There are, altogether, 40 specimens from depths of 50 fathoms to 03 fathoms, 
taken north of Unimak and Unalaska, and from the vicinity of the Pribilof Islands. 
They are therefore from southern Bering Sea. 

The largest specimen (station 3335, with R 145 mm., r 30 mm., R— 4 r; pi. 4, 
figs. 4, 5) is fortunately from the greatest depth. It is comparable with large fully 
grown examples from shallow water in the same region, and there is surprisingly 
little difference, if the comparison is made with the slenderer spined specimens. 
The abaetinal spinelets are smaller and a little more numerous. They are about the 
same as in the specimens from Petropnvlovsk and northern Bering Sea. In form 
they are tapering and blunt or else the tip may he compressed. The supermarginal 
and inferomarginnl spines are distinctly grooved, but the spines are often slightly 
tapered and of medium width. Occasionally the superomarginals are slightly 
spatulatc. There is a single scries of intermarginal spines extending about a third 
the length of the ray. The subambulacral spines are rather slender, tapered slightly, 
with a groove on the outer side. They are slenderer anil relatively longer than in 
the Petropnvlovsk examples, but are not different from specimens from station 3242, 
and other shallow water localities. There seems to be no constant difference between 
this large fully grown example from 93 fathoms and shallow water specimens. 

In medium-sized and smallish specimens from deep water (as station 3257, 
81 fathoms) the abaetinal spinelets are so short that they are often no longer than 
the numerous pcdicellariac, the abaetinal surface appearing as if covered with a 
close rather uniform nap. In other specimens the pattern of the abaetinal skeleton 
can he readily traced by reason of the stouter spinelets. 

Specimens from intermediate depths show all sorts of variations, with the 
exception of the very heavy spatulatc ventral spines. An example from station 
3281, 3b fathoms, has coarse, well-spaced abaetinal spines which are notched, pitted, 
and grooved as in shallow-water examples. 

Specimens with the weakest, most flaccid abaetinal skeleton are from station 
3242, only 4.5 fathoms. 

The crossed pcdicellariac arc surprisingly large. In a specimen from station 
3225 (K about 115 mm.) the abaetinal crossed pcdicellaric of the abaetinal surface 
range from 0.27 to 0.31 nun.; of supermarginal spines, 0.27 to 0.30 mm.; of the 
inferomarginnl spines, 0.31 to 0.30 mm. (see pi. 0, fig. 7); of the subambulacral 
spines 0.30 to 0.38 mm. The aetinnl straight pcdicellariac range from about 0.0 to 
0.9 nun., the form being shown in Plate 7, Figures 10, Ha. The crossed pcdicellariac 
are about as large as those of the heavily spined forma <i noma fa and are larger than 
those of comparable shallow-water examples having typical spines. For instance, 
the inferomarginnl crossed pcdicellariac of the deep-water specimens are usually 
between 0.34 and 0.30 mm. (station 3225), while in a comparable example from 
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station 3244, Bristol Bay, 4.5 fathoms, these pedicellariae are 0.25 to 0.315 nun.; 
in an example from station 3242, 1 1 fathoms, 0.27 to 0.315 mm.; in a specimen from 
324S, 21 fathoms, a maximum of 0.315 mm.; PopofF Strait, Shu m agin Islands, low 
water. 0.27 to 0.315 mm. These measurements are in agreement with those of 
crossed pedicellariae of comparable specimens from Petropavlovsk, Port Clarence, 
and Norton Sound. The larger crossed pedicellariae are therefore a characteristic of 
deep water specimens as they are of the thick-spined forma anomala. 

Growth stages and young (pi. 5). — The change in form due to increase in size is 
shown by the following measurements of specimens from stations 3241 and 3242. 
The younger stages have both narrower rayed and broader rayed forms: 


No 

1 

o 

3 

4 

5 

6 

7 

' s 1 

9 

10 

11 

Station 

3211 

3211 

3241 

3211 

3211 

3241 

3211 

; 32-52 ! 

3212 

3242 

3242 

It m inm. 

12 

19 

25 

29 

32 

35 

42 

45 

70 

79 j 

150 

r in mm 

3 

4 

6 

6.5 

9 

7.5 

10 

12 

20 

22 

45 

K=»r . 

*1 

4.75 

4. 1(1 

4.4(1 

3. 55 

4.6 

4.2 

3. 75 

3.5 

3.59 1 

3.3 

Breath of ray in min. 

3. 5 

5 

75 I 

6.5 

10.5 

10 

12 

14 

1 

21 

27 

I 

52 


The ratio between K and the breadth of the ray at the widest part, close to the 
base, varies from 3.4 : 1 in No. 1 to 2.S : 1 in No. 1 1. No 5 is a broader rayed form, 
while 4 and (3 have relatively slenderer rays. In specimens of the size of No. S, and 
larger, the proximal third of the ray increases more rapidly in width relatively than 
does the distal portion, so that the difference in appearance with increasing age is 
more marked than the figures seem to indicate. With the broadening of the ra3 r at 
the base the intermarginal channel makes its appearance and quickly widens, leaving 
space also for an aetinal channel. The presence of these regular channels is one of 
the characteristic features of this species, as of ruhens. 

In specimens as small as Nos. 1 and 2 the infcromarginal spines are lateral, with 
the superomarginal directly above them, the rays being subterete. They lack 
entirely the characteristic flattened appearance of the adult. In Nos. 5 and 6 the 
superomargi nals are situated a little more laterally than the inferomarginals, while 
in No. 7 the inferomarginals arc proximally frankly aetinal in position, and the ray is 
acquiring the characteristic flattened appearance. 

In No. 1 and other small examples the nbactinal skeleton has relatively large 
meshes (naturally much fewer than in large examples) with one or two papulae to a 
mesh. The abactinal spinelcts, 0.3 to 0.4 mm. long, are slender, slightly tapered, 
not close together and are tipped by several thornlets. Each mostly 3-lobed primary 
plate bears a spinclet, but the oblong or elliptical connecting plates are often spineless. 
In No. 1 there are no abactinal pedicellariae. These appear in No. 2. 

In Nos. 1 and 2, the marginal plates are close together, one above another on 
th<‘ side of the ra\ , four Iobed, and the lower or descending love of the superomarginal 
covers the dorsal lobe of the infcromarginal as in the various genera allied to Coscin - 
asUrias. There are one superomarginal and two infcromarginal spinelets and one 
to three forcipulate pedicellariae on them. The intermarginal papular areas are 
very small with a single papula to each. No aetinal papulae in No. I; a few make 
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their appearance in No. 2, and in No. 3 tin* series extend* half t ho length of tin- ray. 
In No. 3 tlu* supermini rgiiml spines have increased to two or three; in Nos. .*> ami f», 
throe is the commonest number, occasionally four, while in No. s, four or fivo arc 
found. 

No. 1 and No. 2 have proximally two, then alternately one and two, nchun- 
hulnrrnl spines, and while the plates upon which t ho later furrow .spine will -tand 
can be recognized, the spine itself is not yet dilferentiated from the others. This is 
very definitely beginning in No 3, and tin* spines are well dilferentiated in No. .V 
Adamhulaoral spinal pcdicellariac appear first in No. 3. 

The small specimens have no actinal plates. In Nos. 1 and 2 there is only 
om* pair of adamhulaoral plates in contact behind the mouth plates; in Nos, o to 3 
there are throe, and in No. 10 there arc five. 

In No. S the supcromnrginal, infcromarginnl, and *ubambulacral spines show 
the beginning of a definite shallow groove on the outer side, and t ho marginal spines 
are slightly broader toward their rounded tips. (Considerably larger specimens, n* 
for instance {) and 10, may have narrower marginal spines; and the subamhulaeral 
spines are less evidently grooved — in fact the furrow shows faintly at the top only. 
The amount of grooving, after the animal reaches the age when it should appear, is 
not dependent upon size alone, but is subject to a very wide range of variation often 
in specimens from the same station, ns in the case of the Potropnvlovsk examples. 

Anatomical notes. — Skeleton: As noted under description and variations there is 
considerable diversity in the stoutness of the skeleton enough certainly to justify 
the assumption of more than one species if only a few isolated extreme's were avail- 
able. The skeleton is especially heavy in forma anomahi. 

The abnetinn) skeleton is the open irregular mesh type of rtibcns , with usually 
an irregular carinal series of plates forming a wavy line along t ho radius. The 
plates of the dorsolateral regions have generally three irregular lobes, or three sides, 
while the cnrinals start out in small specimens fairly regularly four Inbed but become 
irregular with age. The 3-sided dorsolateral plates stand at the nodes of the net 
while the connecting bat's are compost'd of one or two narrowly to broadly elliptical 
overlapping ossicles, some of which hear a single small spine. The primary pint os 
usually bear a single spine, but some of them especially in t ho carinal series bear 
two or three. Tin* breadth <>f the ahactinal plates and tin* degree of overlapping 
determines the openness of the skeleton. The number of the meshes from one *idc 
of the ray to the other varies with age, and is dillicult to count accurately perhaps 
12 to 14 is » fairly correct estimate for medium-sized specimens. 

The supcromnrginal plates >inrt out in young spcciim ns in the normal 4-lobed 
form for the family but the dorsal lobe is later suppressed, while the ventral heconus 
lc*s conspicuous as the plate lengthens, until a sort of lozenge form results. The 
plates are strongly imbricated with the ndornl end outside. The inferomarginab 
are larger, more definitely four lohed, and are connected with tin* superomnrginnls 
by from one to three overlapping ossicles (except distally and in young specimens). 
One or e\cn two series of these intermarginal ossicles may hear solitary spines 
proximally. (Normally the plates adjacent to inferomnrginals hear a short series 
at base of rav.) The actinal plates are inconspicuous except near the month plnte**; 
there is a single incomplete series, which appears rather late, and they are <pinele** 
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They have each, however, a long internal process which helps to support or strengthen 
the dorsal surface (Vide infra). 

The most characteristic features of the internal skeleton are the extensive mter- 
braehial septum; the series of accessory septa extending from the outer end of every 
second or third ambulaeral ossicle to the border of the abactinal surface; and the 
comparative distinctness of the odontophoro. The intcrbrachial septum is mem- 
branous with parallel dorsoventral columns of elongate, imbricated plates, the inner 
bonier being concave and strongly reinforced by plates, which arc ii regular and foim 
a hand much wider than the other columns. Between the dorsoventral columns 
there is, in small and medium-sized examples, an area of unfortified membrane, 
upon wliich the plates encroach more and more with advancing age. 

The transverse, parallel septa which are found along the border of the ray are 
composed of long blunt processes which grow outward and upward obliquely from 
the inner surface of the actinal, infcromarginal, and intermarginal plates, the septum 
being continued dorsally and mcsially as a membrance with a free concave mesial 
border. That part of the septum which joins the abactinal surface is strengthened 
by keellike extensions of the dorsolateral plates or their lower and outer ends. The 
condition of those septa, which are pretty evenly spaced, will depend upon age and 
the general “ca^careo^lsness ,, of the specimen. They extend to the end of the ray, 
becoming smaller as the ray attenuates, and are pretty regularly opposite alternate 
ambulaeral plates. The ventral processes from the dorsolateral plates arc a little 
more conspicuous in those distal septa. 

The odontophoro (pi. 4, fig. 6, O) is clearly outlined, in most specimens, from the 
pair of enlarged ambulaeral ossicles which surround the first ampulla pore, whereas 
in Ortharterias, Stylasterias , and allies, it is hidden by tissue so that its contour is not 
evident. Its interradial dimension is about 0.45 of the extreme width. 

The enlarged summit of the first ambulaeral ossicle is separated from the 
companion by a broad muscular suture, oval in form, whose length equals that of 
the following seven or eight ambulacra! plates. 

The ambulaeral ossicles are slender and long. The portion which forms the 
ambulaeral ridge is especially compressed and thin, being only half the width of the 
intervening muscular sutures and therefore narrower than the corresponding part in 
Orthasterias and allied genera. The ambulaeral pores are narrow (on the outside) 
with flaring sides. There are two rows on either side of the radial line and at the 
base of the ray the inner ends of the outer row interdigitatc with the outer ends of the 
inner about one-third their length; far along ray about one-half. The first ampulla 
pore, on the inside, is of conspicuous size. 

Internal anatomy . — The viscera do not present any differences from the typical 
Asterias arrangement . The gonads, of the racemose type, open dorsally on the inter- 
radial line at about the middle of r. The intestinal coecum is divided into two parts 
and each of these into about three lobulated subequal divisions, the longest not 
reaching the middle of r. The spacious stomach has strong retractors and the hepatic 
cocca arc voluminous. The ampullae arc obviously single, rather largo, and there 
are conspicuous Tiedomann’s glands, but no Polian Vesicles. 
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Forma A NO MALA (Verrill* 

Plate 3, Figure I; Plate 4, Figures l 3; Plate fi, Figures 5, 0, II; Plate 7, Figures 2. 2ci 2 *i, I 
AUasterias nnomala Vkkkill, 101*1. 

Cape Eisburne, Arctic Ocean; St. Michael, Norton Sound; Bristol Bay (stations 
3228, 3231, 3233, 3234). These specimens, 51 in number, are referable to VerriH's 
Allttstvrias anomala, the type of which, No. 3S21, is one of a series of four dried 
specimens from St. Michael, of which I have three. These were collected November 
1874, summer 1S75, and August 5, 1870, by L. M. Turner. On page 07 (191-1) 
Verrill states that the species is from Siberia, probably a lapsus. 

Two of the St. Michael specimens, in poor condition, belong to forma nnomala, 
while the third is forma amurenxis. The dredged specimens, taken by the Albatross, 
arc in line condition. 

Ajwmnla differs from the type form in having much thicker and more spatnlate 
scoop-shaped snpcromarginal and inferomarginal spines. The subnmbulaornl spines 
are rather heavy, in extreme examples, frequently broadened at the tip, and very 
definitely grooved. The abactinal spines are short hut t hick, rather tubercular, 
and stouter than in the more generalized form. They are about 0.9 to 1.3 nun. long 
and about 0.7 to 0.S mm. in broadest diameter, therefore often fully two-thirds as 
thick ns high. But among the thicker spines there arc other secondary slenderer 
ones. In form they run pretty much the whole gamut of shapes characteristic of 
the slenderer spined varieties — cylindrical, subclnvate, round tipped, or even sub- 
capitate; variously notched or sunken at the end, or without any spcenal modifica- 
tion; often scoop shaped. The skeleton is generally stouter than in the forma 
amurenais, and conspicuously heavier than in deep-water examples. 

There is, however, a good deal of variation in the stoutness of the ventral 
spines. This is evident enough from a series of specimens front stations 3233 and 
3234. Examples front stations 3304 (1), 3290 (1), 3244 (1), and 3247 (1) seem to 
he about intermediate between this variety and the stouter specimens of the usual 
Bristol Bay form, as described in detail. It is worth noting that in a considerable 
series, such ns that from station 3233, some examples — extremes of the variety — 
exhibit a heavy rather rigid dorsal skeleton with fewer stubby spines, while a 
minority have a ra t her llnceid abactinal wall with much more numerous and 
delicate spines. The latter also have less spatnlate ventral spines and are in fact 
quite intermediate with normal Bristol Bay specimens of that size (R about 
90 mm.). 

The crossed pedicellnrine are larger than in the slender-spined forms from the 
same region (except those from deep water). Actinnl pedicellnrine (from specimens 
about 90 nun. major radius) range from 0.27 to 0.30 mm., the majority being over 
0.32 while the abactinal crossed pedicellnrine are around 0.20 anil 0.27 mm. The 
minor details of the pedicellnrine are of course variable, and the breadth is also 
slightly variable. 

Professor Verrill (1914, pis. 59, 00, 09) lias given good photographic figures of 
his type of nnomala, and on Plate 78, Figure 3, a drawing of the ventral spimilation. 
llis figures of the pedicellnrine are so poor as to bo misleading. On Plate 77, 
Figures 3, 3u (labeled Allastrria't forfieulosa bv mistake in the explanation, p. 150), 
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aro shown crossed and straight pediccllnrifie, and on Plate 78, Figures 4, a to e, 
straight pedioellariae. The erosset 1 pedicellaria, Plate 77, Figure 3a, is quite inac- 
curately drawn, as it is unlike any found in this form. The straight pedicellariae are 
also incorrectly drawn. 

The two i>adly heach-worn examples from Cape Lisburne, Alaska, were picked 
up at the “coal station” after a northwest gale of four days, September 11 to 15, 
1SS5, by Henry D. Woolfe. They constitute the only undoubted Arctic Ocean 
record and are notable for their thick, mostly cylindrical, round-tipped spines about 


0.9 to 1 mm. long anil 0.45 to 0.G mm. thick. 3 he marginal and ventral spines aic 
also thick, and not particularly different from St. Michael or Bristol Bay specimens. 
The straight pedieellariac of the ventral surface (pi. 7, fig. 4) are, if anything, a little 
larger than in Bristol Bay examples, many reaching a length of 0.9 mm. (0.G5 to 0.9 
mm.). They are relatively narrower. The abactina! straight pedicellariae average 
0.45 mm., sometimes smaller, and ure about the shape of the ventral pedicellariae 
of the Bristol Bny specimen, station 3231. (PI. 7, fig. 2.) The ventral crossed pedi- 
ccllariao are about 0.315 to 0.35 mm. (some as small as 0.23 mm.) and are similar in 
detail to the abactinal, which are a trifle smaller (0.28 to 0.3 mm.). Figures of the 
Bristol Bay (pi. G, figs. 5, 5a) and Cape Lisburne (pi. G, fig. G) specimens will bring 
out the slight differences. 

Type . — In the University Zoological Museum, Copenhagen. 

Type locality . — Amur country (northern part of Gulf of Tartary) eastern Asia. 

Distribution . — Arctic Ocean, north of Bering Strait; Bering Sea; Okhotsk Sea, 
and the Asiatic coast south to northern Japan where the species intergrades with 
rollestoni. On the American coast the Shumagiu Islands constitute the only certain 
record 9 south of the Alaskan Peninsula. Vertical distribution, low tide to 93 fathoms. 
Temperature records 32.2° to 45.5° F., the latter probably several degrees too high. 

Specimens examined . — Eight hundred and sixteen. 


Specimens of Aslerias amurensis examined 


Sta- 

tion 

Locality 

Depth 

Nature ot bottom 

Bottom 

temper- 

ature 

Num- 
ber of 
speci- 
mens 

Remarks 



Fathams 


0 F. 



3225 

Xorthol Unimak Island, Aleutian Islands. 

85 

Black stones 

38. 6 

Q 


322" 

Bristol Bay, Alaska, 58° 39' 20" .V, 157® 17' 

8 

Gray stones and pebbles 


1 

anomala. 


30" W. 






32.11 

5S° 35' N„ 157° 28' 50" W 

12 

Stones 


20 

Do. 

Do 

3233 

58° 23' 15" N T ., 157° 42' 45" \V 

7. 25 


44 * 

13 

3231 

5S° 27' X., 157® 52 / \Y 

5 

Grav sand 


3 

Do. 

3235 

58® 10' 30" X , IS''® 13' \V ... 

11 

Black sand. _ 

142 

3230 

58® U' X., 158® 05' 30" W .. 

14. 75 

Gravel, sand, shells 

39 

89 

32 


3217 

58® 08' X., 158® 10' \V 

19 

Grav sand, uravcl. shells 


32ti 

58’ 03' 40" X.. 158’ 37' 30" W 

18 

Fine gray sand 

15 

2 bushels rejected. 

3230 

5s® 22' 20" X , 159® 23' 15" W . _ 

11.5 

do 

4 

3210 

58® 30' X.. 159® 35' 50" \V 

14.5 

Fine black sand. 


8 


3211 

5s 3 38' 30" X , 159® 33' 30" W . „ 

14 

Black mud 

38 

28 

1 peck rejected . 

3212 

58° It' 30" X., MO® 08' 45" \V 

11 

do 


14 



1 The case of PaTa.iterias albsrUnnix, labeled as from British Columhia, is very perplexing. The species appears to bo 
amurmit^ There is a possibility that the specimen may have been transported by ship; or that it may have been picked up as 
i "curio'* an 1 label* 1 In good faith by the donor. 
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Mn- 

tlon 


l/ocnlily 


Depth 


Nature of bottom 


Mot turn 
temper 
at uro 


3243 As® 45' N, 1M)® 2V W 

3244 Mouth of Bristol Bay, 5*° 37' 20’' N , K*l° 

05' W 

3216 **° 2 iV 30" N. ( K.t° MV \V 

3247 !A® 40' 4.1" N , 102° Os' 30" \N 

324s 5*° 34' 15" N., K*2° 22' W. 

3249 5S° 27' 30" N., 102° 30' \V . 

3250 As° 1 1' 30" N . , 1 63° 0? 45" W . . 

3251 Bering Sea. 57° 35' 50" N 104® 05' W 

3257 North coast of Cnimnk Islam! 

3250 do 

320) ... do 

32G1 do 

3204 do 

32» 5 Northeast of rniinnk 

32**4* do 

3207 do 

3271 do 

3272 .... do 

3273 .... do - 

327 4 North ol end of Alaskan Peninsula; 55° 34' 

30" N„ 162*31' 45" \\\ 

327s do 

32M do 

3>5 do 

32^'. North of Alaska Peninsula, mouth Bristol 
Bay. 

32>7 North of Alaska Peninsula, 50° 33' N , 
1 P0° 14' \V. 

32vv North of Alaska Peninsula, 56° 26' 30" N., 

| ico° w. 

3290 North of Alaska Peninsula, 50° 50' 20" N .. 

15*3° 01' W. 

32V* l .. .do 

3292 do. 

3293 | Bristol Bay 

3291 i do 

3295 Bristol llav, 57° 14' 30" N ., 1^° 2*/ 30" W 

3296 ....do 

32 1 .) 7 . ...do 

32*)s ... do 

3299 do. 

3300 Bristol Bay, 58® 12' 30" N , 159° 55' W 


3301 do 

3302 do. 


do. 


3303 1 

3304 Mouth of Bristol Bay, 5S° 02* 30" N , 

13' 45" W . 

3300 . do 

33 to North coast I’miluska 

3311 .... do 

XA3 . . . .do 

3334 do. 

3335 do 

A’Oh Benng Sea, 5"° 33' N., 1 09° 4'/ W 

3520 Bonne :9° >' N . l“0° 57' 5V 


Num- 
ber of 

Sp**ci. 

mens 


Item rks 


thorn* 

4 5 

Fine gray sand. 

F 

Cl 

Ono-linll bu 1 el 

4 5 

do 



Jcctt 1. 

17 5 

Gravel. 

3S 

h 

1 bn l el rt Jccted 

17 , 

Pebbles, st on** 

40.0 

1 


21 

Fin** gray sand, gravel 

1 43 

16 


13.5 

Fine gray sand, broken sin IP 37 

15 


17.5 

Gray sand 

2 

M 


25. 5 

Fine gray sand 

37.5 



M 

Gray sand, gravel 

39 

14 


41 

do 

40.6 

07 

About lOor.Jict* 

13 

Fine black sand 

42 

3 


27 

Black gravel, pebbles 

41.2 

2 


40 

3S 

21 

Coarse sand, gravel 

40. 5 

5 1 


Black sand 

' 39. 8 

s 


do 

42 

5 


32 

25 

tlo _ 

41 

7 



41.9 

13 


31 

Black and red sand 

42 

s 


39 

19 

Gray sand, mud . .... .... 

3\5 

Ji 


Black sand, shells 


1 


47 

Fine gray sand 

3* * 

1 


30 

Gray sand, black sj>ocks . . 

. 

1 


35 

do 

41 

3 


37 

Fine gray s md. shells, gravel 41 5 

4 

One-half hu«h. 

30 

Coarse Mack sand 

42 

43 

jected. 

1 peck reject ed. 

15 

Black gravel. ... 

. 45.5 

3 


10 

Gray sand, grave! 

J.. - 

14 

2 l ushils ft jcvt 


2rt 

32 

30 

30 

11.5 

24 

20 

20 

20 


Black sand, gravel 

....do | 

Fine gray sand 

Black gravel 

Fine gray sand 

Gray sand. Mack specks. . 
Gray sand 
Fine gray sand. 

Fine gray sand, yellow 
sj^eeks. 

Pebbles 

Fine gray sand. 


41.2 

21 



s 

One-half 1 usbel re- 



ject ed. 

40 

3 

Do. 

41 

3 



3 

Do. 

43 

7 

1 bushel n ,<vt» d 

4 1 5 

5 . 


4 1 s 

14 

Ui bushels nJec'eJ 

44 

: 1 

Do. 

42 2 

1 

One-half tu«* ! re- 



ject tM. 


I t ushel n Jec* 1 


30 

. . . do 

40 2 

*» 

One-half 




Jected 

33 

Black sand 

.9 5 

1 

Do 

> 

Fine gra> sand. 


f. 


33 

do 

9 

1 

!>. 

As 

Fine dark sand mini . 

41 5 



>5 

Green mud 

41 

4 


IV 

do 

43 9 ! 

o 


54) 

Mud, sand 

42 6 

5 


V3 

Mud. 

4a s 

4 


23 

Fit»egrn> snn 1, she IP 

42 

U 


is 

Gr<vn mu 1. t nr sand 

32 2 

1 
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Stn- 

tloo 


353* 

3530 

3547 

3777 


lvocjility 


Bering Sea, vicinity of Cribilof Islands — 

Borins Soa, oast of Tribilof Islands 

Northeast of t -nalaska 

OtI Kamchatka 

Norton Sound, 04° 12' N., 102° 25' W 

Cape Lisburne, Alsiska, Arctic Ocean 

Norton Sound 

Kotzebue Sound ? 

St. Michaels, Alaska 

llagemeister Island, Bristol Bay 

Illnlluk Harbor, Unalaska 

PopofI Strait, Shmimgin Islands 

Unga Island, Shumagins 

Petropavlovsk, Kamchatka 

Port Clarence, Alaska 

Amur Province, Asia 


Depth Nature of bottom 


Bottom 

temper- 

ature 


Num- 


ber of 
speci- 
mens 


Remarks 


Fathoms 

50 

67 

61 

13 

17 


Green mud, sand 

do 

Fine black sand 

Sticky soft green mud. 


0 F. 

38 

38.9 

45 


3 

1 

1 

10 

1 


No. 15809. 



3-6 

0) 


Stony 


5 

3 

3 

1 

2 
5 

13 

t 


Henry D. Woolfe, 
onomo/o. 

No. 7621, Murdoch. 
No. 10999. 

No. 2S21, L. M 
Turner. 

W. IT. Dali. 

Do. 

No. 3452. 

W. II. Dali. 
Albatross, 1906. 
Stanford University. 
Cotype, Copenhagen 
Museum. 


1 Low water. 


Remarks. — The most conspicuous points of difference between A. rubens and A. 
amurensis have already been listed. 1 have examined specimens of rubens from 
Iceland, Faroe Islands, Dublin Bay, Ireland, Fort Erin, Isle of Man, Farsund, Norway, 
and Kristincburg, west coast of Sweden. The species A. rubens , like amurensis , is 
extremely variable, and certain variations approach fairly close to amurensis. The 
general run of specimens, however, is rather easily distinguished. A. rubens 
resembles more nearly A. amurensis rollestoni of Japan, but I have never observed 
specimens of rollestoni as large as rubens grows to be. 

It is to be noted that the furrow spine of alternate adambulacral plates is, in 
rubens , advanced into the furrow, as in amurensis. The genus Allasterias , for A. 
rathbuni (nearly typical amurensis) was based upon this character and consequently 
becomes a synonym of Asterias, ss. 

Parasterias albcrtensis Vcrrill, 1914, is said to have been taken at Albert Bay, 
British Columbia (no. 5537, Yale Museum). 1 have examined the type which is a 
small Asterias having t he characteristic arrangement of adambulacral spines and 
marginal plates. The specimen is small (It 54 mm.) and as is well shown by Verniks 
figure (1914, pi. 57, fig. 1), the abactinal skeleton is rather irregularly reticulated, an 
irregular carinal series being clearly discernible. The abactinal spinelets are mostly 
one to a plate, short, slightly tapered, blunt with rough tips. Supermarginal spine- 
lets, faintly capitate, proximally three, distally two, somewhat longer and stouter 
than abactinals; inferomarginals two, longer and slenderer, tapered; sometimes one 
or two isolated intennarginals. Adambulacrals on proximal part of ray alternately 
two and three spined; distally, diplacanthid. The triplacanthid plates have the 
inner spine set deeper in the furrow. Abactinal straight pedicellariae small, numer- 
ous, the larger about 1.5 the length of the crossed; actinal, large, numerous, similar to 
the slenderer sorts of typical amurensis . 
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If this specimen really came from British Columbia, which is somewhat doubtful, 
it is a form of amurensis. The southern-most record of amurensis is Popoff Straits, 
Shumagin Islands. It is rather odd that, in spite of all the collecting that has 
been done in Alaskan waters by the steamer Albatross, no specimens have been taken 
anywhere near British Columbia. Yet wo have the curious ease of Leptasterias 
polaris katherinae which is founded upon “chance” specimens. 

Professor Yerrill remarks that the “species looks more like the typical species of 
Asterias of the North Atlantic than any other west coast species known to me.” 
This is partly due to the small size. The young of am are ns is all have the narrower 
rays typical of A.Jorbesi, for instance. 

Allasterias Jforficutosa Yerril! 10 is a form of Asterias atnuretisis roUestoni Bell. 
Professor Yerrill compares it with Alaskan specimens, but does not say wherein 
it differs from the common Japanese form. I have examined the type. 

I have also examined the types of Sladen's Astercanthion rubem'v. migratum 11 from 
the Straits of Korea. The largest has R only 17 mm., and is consequently too small 
to compare with adult specimens. It is likely a form of amurenxis. A. amurensis 
might be expected to occur in the cold area of the Straits of Korea. 

I have examined examples of Bell’s Asterias roUestoni from Ilokkaido (Hakodate 
and Mororan, on the southern coast); Aiknwn, Rikuzon; Suruga Bay. While ihosc 
specimens are variable, they agree in having somewhat narrower rays, more widely 
spaced aboctinal spines, and especially in having smaller crossed pcdicellariao. The 
infcromarginal pedicellariae of the Mororan example range in length from 0.17 to 
0.23 mm., with a relatively few’ giants attaining 0.2G mm. In a comparable Kam- 
chatkan specimen, with R 130 min., the same pedicellariae measure 0.315 to 0.34 
mm., with a minority attaining 0.36 mm. (PI. 6 lig. 3 a.) The type of amurensis 
is intermediate but nearer to the northern extreme. There is little doubt that 
perfect intergradation exists between A, amurensis and A. amurensis roUestoni. 

Genus LEPTASTERIAS Verrill 

Leptasterias Verrill, IToc. Boston Soc. Nat. Hist., vol. 10, 1S66, p. 350. Type, .-t*/er- 
acanthioji miilleri Sars; Shallow-water Starfishes, 1014. p. 11G. — Slades*, Challenger 
Asteroidea, 1SS0, p. 503 (subgcn.). — Perrier, Exped. Travailleur et Talisman, I SOI, 
p. 10S. — Fisher, Ann. and Mag. Nat. Hist., sor. 0, vol. 12, 1923, p. 500. 

Ctenasterias Verrill, Shallow-water Starfishes, 1014, p. 14S. Type, .■b/cno.i spilzbergensii 
Daniclssen and Koren ( — Leptastcrias groenlandica f. cribraria). 

Diagnosis. — Asteriinac having adambulacral spine pedicellariae, as in Asterias, 
but differing in having gonads which open in the actinal inlcrradinl angle, usually 
on a low papilliform prominence, two to each interradius; eggs relatively few and large 
(much yolk); the small species known to brood eggs and young (in one case in the 
stomach); abaetinal skeleton more or less open, the dorsolateral skeleton usually 
irregular, hut the spines sometimes in poorly defined longiseries; spines usually 
small, normally with a small or fairly thick collar of pedicellariae; actinal plates in 
one or two series, sometimes feebly developed; adambulacral plates diplncanthid, 
or mixed diplncanthid and monaeanthid, or exceptionally mostly monacanthid; 
adambulacral pedicellariae normally in clusters on the spines, occurring singly, or 
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vcrv sparingly in individuals which have very few: pedieellariae without enlarged 
teeth on the moderately broad terminal lip; straight pedieellariae variable small 
to large — lanceolnte to broadly ovoid, or even elam-shaped, edentate to unguieulate. 

Subgenus Lectasterias Verrill 

Leptasterias mullcri group; size small, symmetry pentamerous. North Atlantic, 
north Pacific, Arctic. 

Includes the following species I2 : arctica (Murdoch), austera (Verrill), fisheri 
Djnkonov, grocnlandica (Liitkcn), hylodes Fisher, hjperborea (Danielssen and Ivoren), 
leptalca Verrill, littoral is (Stimpson), mullcri (Sars), ochotensis (Brandt), orientalis 
Pjakonov, tcncra Stimpson. 

LEPTASTERIAS ARCTICA (Murdoch) 


Plate S, Figures 5, 5a~5/t; Plate 9; Plate 10; Figures 1-4; Plate 14—16 

Aftertax arctica Murdoch, Report of the International Polar Expedition to Point Barrow, 
Alaska, under Lieutenant Ray, 1SS5, p. 159 . — Von Hofsten, Die Echinodermen des 
Eisfjords, Iviing. Svcnska Vetenstapsakad. Handl., vol. 54, no. 2, 1915, p. 63. 

Astcrias nautarum Bell (nomen nudum), Sladen, Challenger Asteroidea 1SS9, p. S24 
(nomcn nudum). See Fisher, Ann. and Mag. Nat. Hist., ser. 9, vol. IS, 1926, p. 19S. 

Astcrias jniillcri Ludwig, Fauna Aretiea, vol. 1, 1900, p. 4S2. 

Astcrias hypcrborca Verrill, Amer. Nat., vol. 43, 1909, p. 553. 

Lcpt astcrias arctica Verrill, Shallow-water Starfishes, 1914, p. 120, pi. 56, figs. 1, 2; pi. 71, 
figs. 1, 2; pi. 72, fig. 1; pi. S3, figs. 2, 2 a . — Clark, Rep. Can. Arct. Exp., vol. S, part C, 
1920, p. 9c (Dolphin and Union Strait, Northwest Terr.) 


This highly variable species is the equivalent of L. mulleri (Sars) to which it 
is closely related. Its status with reference to mulleri is the same as that of Astcrias 
amurensis to A. rubens. In neither ease is intergradation known, although very 
likely it occurs. L. arctica has two fairly well-marked forinae. The northern or 
typical form is much less like mulleri than the larger Bering Sea race. It has been 
suggested 13 that L. hyperborea (Danielssen and Ivoren) is a high arctic form of mulleri . 
It is noteworthy that the arctic phase of arctica (forma artica) is not like hypcrborca. 
If L. arctica intergrades with mulleri it does so by a series of forms which are less 
hkc mulleri than its own southern form, beringensis. L. arctica forma arctica stands 
geographically between beringensis and mullcri. 

Diagnosis. Forma arctica: Rays five; size small to medium. R = 4 to 5-fr in 
fully grown examples, or 3.5 r in small specimens. Largest of type series, R 3G mm., 
r 8 mm., It =4.o r. Disk small, rays slightly swollen at base, gradually tapered to 
a blunt extremity. Rays well arched, with curved lateral face. Spines coarse, 
unequal in diameter abaetinally, subcapitatc, striate, surrounded by a wreath (often 
prominent) of crossed pedieellariae; carinal spines more crowded than the irregularly 
spaced but uncrowded dorsolaterals, usually somewhat larger, and arranged in a 
zigzag series distinguishable in the dried state at least. Supermarginal, infero- 


Umv IT,”? T- rGCa *T n mciicana, Vmill, West Indian Starfishes, Bull. Stat * 
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marginal and nctinal scries normally quite regular; sometimes a short interinnrginul 
series of spines; adamhulaeral spines alternating irregularly one and two; nnguieulate 
straight pedicellariae in the intermarginal and lateral ehannels and also sometimes 
fthaetinally and on proximal furrow spines. 

Description . — There are 42 specimens of Mr. Murdoch's type series from 13.5 
fathoms 10 miles west of Point Franklin, Arctic Ocean (Xo. 7025 l\S.N.M.), ranging 
in size from R 4 mm. to R 30 mm. Forma bfriugeusi# attains K 73 nun., station 
3442. The ahaetinal spines are coarse in relation to the size of the rav, not line; 
not uniform in size; very distinctly spaced, not crowded. Neither are they regularly 
arranged in cither transverse or longitudinal series. But then 1 is a very distinct, 
irregular, even zigzag, radial row of larger spines in most of the specimens and a 
certain linear arrangement may be noted in the spinelets adjacent to the supem- 
marginals. The spines are short and decidedly blunt; the larger, about as high as 
broad, are subeapitatc, with evenly rounded or subtruncate, finely striated tips; 
the smaller are less capitate, cylindrical or slightly swollen with fewer striae’ and 
less regular tips. The spines are surrounded at mid height, or near t ho tips, by a 
wreath of crossed pedicellariae, the numbers of which are subject to individual and 
locality variation. They are more numerous in forma berimfensis. In some alcoholic 
specimens the crowns of pedicellariae nearly or quite touch but not in the types. 

The superomarginal spines are distinguishable by their regularity rather than 
by their slightly greater length. They are clavate, finely striated and relatively 
slenderer than the radial spines, as well as actually slightly longer. The series curves 
upward to the interradial angle and the intermarginal furrow is here a bit wider, 
and sometimes occupied by a short series of intermarginal spinelets which arise from 
the descending lobe of the plate. The character is variable. Rarely there is also 
a spine on the upper lobe of the plate, or a transverse series of three; station 3559. 
There are no intermarginal plates. 

The inferomarginnl spines are still longer, and a little stouter than the supero- 
marginals, sometimes a little bent upward, snbterete to clavate in form (in variants 
sometimes compressed, and much more robust than in t ho type variety). Both 
series have rough-tipped spines, and eireumspinal wreaths of pedicellariae (or half- 
wreaths on the inferomarginals of small specimens). There is one short series of 
smaller, but similar, aetinal spines. The length of t ho series varies with age; in the 
largest Point Franklin specimen it is half the length of furrow. In the largest examples 
the series reaches two-thirds to three-fourths the length of the ray. 

The adamhulaeral spines are close-set, slender, terete, blunt, and stand one or 
two to a plate in irregular alternation. The proximal 8 or 10 pla tes are usually 
monaeanthid, sporadically diplaennthid. About three post-oral adamhulaeral plates 
are in contact. These apparently always have but one spine each. The inner of 
the two adamhulaeral spines is generally slenderer and is bent over the furrow in some 
examples. It seems to be the only one which regularly carries straight pedicellariae 
(very variable in number, and absent in small specimens). Both spines have clusters 
of crossed pedicellariae. Some of these (filler in detail from the ahaetinal crossed 
pedicellariae, as the jaw w hen viewed in profile possesses a longer terminal expanded 
lip, with more teeth. (See pi. It), ligs. 2, 2a, 3, 3a.) The pedicellaria is rather more 
tapered toward the end. 
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The mouth plates are small and carry three spines, the innermost quite small and 
at the inner jurrmv corner of the plate; the middle spinelet is a little longer and at the 
inner future corner, but not so close to the actionostome; the third is 50 per cent 
longer and situated at about the middle of the actinal surface of plate. All bear 
broadly lanceolate straight pedicellariae similar to those on the furrow spines. In 
some large examples from other localities (as station 3543) the jaws may have two 
or three conspicuous teeth, as has the adambulacral and other straight pedicellariae. 

The papular areas are small with one to four papulae on the rays, or occasion- 
ally slightly more. There is an intermarginal and one actinal series. (In the largest 
specimens the papulae are more numerous.) 

Straight pedicellariae: More or less markedly unguieulate, slender, somewhat 
lmnd-shaped pedicellariae occur, in forma arctica , very sparingly on the abactinal 
surface, in the interbrachial channels, and in the intermarginal channels. (PI. 9, 
fig. S.) Just external to the adambulacral spines and on the oral and proximal fur- 
row spines, there are usually a few but they are not so numerous as in forma bering- 
ensis. Ovate-lanceolate pedicellariae are common along the furrow face of the 
adamhularcal plates. These have the tips of the jaws crossed, or one curved tip 
meets a notched tip. In southern Bering Sea specimens (forma beringensis) the 
unguieulate pedicellariae (pi. 9, figs. 10, 11) are sometimes fairly common abactinally, 
but not in forma arctica. The largest are in the axils of the rays, act-in ally, and in 
beringensis these may have as many as five teeth. (Station 3543, pi. 9, fig. 9.) 
While the dimensions vary a good deal, an axillary pediecllaria of a large specimen 
is 0.8 to 0.9 mm. long. 

Crossed pedicellariae occur in wreaths around the abactinal and marginal, and 
as half wreaths on the actinal and adambulacral spines. In a specimen with R 36 
in in., forma arctica , the abactinal are about 0.23 mm. long and the adambulacral 
0.26 mm., most of the latter having a different shape from the former. (PI. 8, figs. 
5, 5a-5 li) pi. 10, figs. 1-3.) 

Madrcporic bod}" small, but variable, about 0.6 r from center of disk, and with 
three to six spines on the adccntral margin. 

1 ariations . — There are at least two recognizable intergrading formae. 

Forma AKCTICA (Murdoch) 

Plate 8, Figures 5, 5a-5<l; Plate 9, Figures 2, 7, 8; Plate 10, Figures 2, 2a; Plate 14, Figures 1-4; 

Plate 15, Figure 1; Plate 16, Figure 1 

The typical variety of this species, as indicated by the type series of specimens, 
is a fairly slender rayed, small sea star with rather coarse, unequal subcapitate abac- 
tinal spinelets, among which a very irregular radial series is discernible by reason of 
the greater size and usually more crowded arrangement of spines. In the type 
series the crossed pedicellariae are not very numerous on the abactinal spines, but 
this is a character which appears to vary with every station, and there are even con- 
siderable individual differences at the same station. Examples from 15 to 20 fathoms, 
I lover Ba}", Siberia, and from East Cape, Siberia, are more plentifully supplied than 
are those from the American coast, and therefore resemble forma beringensis . But 
the crossed pedicellariae arc more nearl}" like those of arctica , and the well-spaced 
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dorsolateral spinelets arc much smaller than the carinals ami superuninrginnls. This 
may represent a ditinct forma ranging along the Aretie shores of Asia. 

The straight pcdicelhmne are rather slenderer and have less well-developed teeth 
than have some of the stout spincd beringensis. They are very scare ahaetinallv in 
the type series; hut in larger examples from Plover Bay and Cape Lishurne con- 
spicuous straight pedicellariae of characteristic form are scattered here and there over 
the dorsal surface. They are slender, incipientlv toothed, and as long as the second- 
ary spines. 

The largest Arctic specimen, from Capo Lishurne, has K 50 rnm., and coarse 
well spaced, strongly capitate, striate, unequal dorsal spinelets. 

The specimen from Nikolski, Bering Island, with R 39 mm., has heavy, capitate, 
suhtruncate, abactinal spinelets and closely resembles the typical Arctic form. The 
marginal, actinal, and adamhuhicral spines are rather more robust than in any of 
the Point Franklin examples. (PI. 14, fig. 4.) It is of interest to find that forma 
arctica extends so much farther south in the western part of Bering Sea than it does 
in the east. In the latter region it does not range south of latitude GO 0 . 

Formn I1KIUNOENSIS, new forma 

Plate S, Figures 5/-5A; Plate 9, Figures 1, 3 t 4-G, 9-12; Plate 10, Figures 1, 3, 4; Plate 14, Figures 
5, 6; Plate 15, Figures 2-5; Plate 10, Figures 2-6 

The bulk of the collection comes from the vicinity of the Pribilof Islands, from 
Bristol Bay, from ofT the north coast of the adjacent Alaskan peninsula, and of 
Unimak Island. Perhaps the most evident feature of these specimens is that they 
average much larger in size, although of course different growth stages are abundantly 
represented. Many of them have thick rays due usually to swollen gonads, although 
in specimens from the same dredge haul there is much difference in the thickness of 
the rays. 

As a fair sample of the variations of specimens from the vicinity of the Pribilof 
Islands, 20 examples from station 353G, 40 fathoms, may he taken. Two specimens, 
each with R 58 nun., have r 1 1 and 12 min., but the breadth of ray just beyond the 
base is 1G or 17 mm., and 19 mm., respectively. The swelling in the latter fairly 
extending toward the extremity. The abactinal spines are robust and have capitate, 
finely striated tips. There is much variation in the robustness and degree of spacing 
of the spines. In one variety the spines are fewer and widely spaced. Counting 
across the abactinal surface between the superomnrginal series of either side, there 
may he only three series of major spines together with a few much smaller ones; or, 
on another ray of the same specimen, seven series. In a more normal, slender-rayed 
example of approximately the same size there are 10 or 12 spines across the base 
of the ray, but there is scarcely any arrangement in longiseries with the exception 
of the irregular carinals where the spines are usually distinguished by their slightly 
to decidedly larger size, and more crowded position. The sparsely-spined variety 
occurs at a number of stations, ns, 3277, 3280, 3291, 3293, 3294, 3297, 3302, 3303, 
330G, 343S, 3504, 3511. 

The marginal and actinal spines are fairly typical and stand in regular series, 
generally only one to a plate, hut there is considerable variation in t lie detail* of 
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form, and the relative size of the supero and infero marginals. The latter are more 
variable inter se than the former. They are usually a trifle to decidedly larger than 
the superomarginals, varying from cylindrical to a subspatulate form, almost always 
swollen toward the tip, which is rounded or truncate, or slightly bent upward. The 
nctinals are similar, but a little less heavy. The adambulacral spines ordinarily 
alternate one and two, and are terete, much slenderer than the actinals, and less 
variable as to form. The inner or furrow spine is slenderer than the outer, while 
the alternate single spine is about intermediate in size. One specimen, on the 
proximal half of ray, lias two spines on nearly all the plates. The largest specimen 
in the collection, station 3442, with R 73 mm., has only one adambulacral spine to a 
plate. Crossed pcdicellariae are very numerous. 

The crossed pcdicellariae are more numerous and larger than in the forma 
arctica (measuring about 0.27 mm. in length), but in this abundance there is consid- 
erable latitude. The abactinal spines, however, are provided with rather thick 
sheaths which usually reach nearly to the tip, and are there beset with one or, on 
the dorsolateral regions, two circles of pedicellariac, while the marginals may have 
three or four circles. On the inferomarginals there are often only half circles, and 
the actinals regularly have only half circles on the outer side. For different varia- 
tions see Plate 14, Figures 1, 2; Plate 15, Figures 3 to 5; Plate 16, Figures 2 to 6: 

Unguiculate straight pcdicellariae are scattered rather sparingly over the abac- 
tinal surface hut are fairly numerous and somewhat larger in the intermarginal 
and actinal channels, and in the intcrbrachial channel. Considerably smaller 
pcdicellariae, with rather narrower jaws and smaller teeth are found sparingly on 
the proximal furrow spines. But 27 examples from station 3559, 39 fathoms, gray 
sand, vicinity of Pribilof Islands, while exhibiting individual variation, have these 
straight pcdicellariae of the furrow spines much more numerously represented, 
even in small specimens. Straight pcdicellariae arc also more numerous on the 
body surface. The same is true of station 3543. (See pi. 9, figs. 9, 10, 11.) While 
the dimensions vary a good deal, an abactinal pedicel! aria of a large specimen is about 
0.9 mm. long, an axillary 1 mm., a suboral 0.G nun., and a furrow 0.5 mm. 

One of the specimens from station 3559 (pi. 15, fig. 1), intermediate with forma 
arctica , R 56 mm., is remarkable for having the superomarginal spines in a vertical 
arcuate scries of generally three, or two on the distal third of the ray. The lowest 
spine stands on the descending lobe of the plate and would he classed as one of an 
intermarginal series which extends two-thirds or three-fourths the length of the 
ray. This gives a very spiny aspect to the lateral face of the robust ray. The 
spines of the radial region are coarse and abnormally crowded, the adambulacral 
spines aic heavier than usual and clavate, truncate, while the crossed pedicellariae 
are unusually numerous. I lie other specimens have only a single superomarginal 
spine and are slender rayed. 

Station 3294 , Bristol Bay , 80 fathoms, black gravel , July IS, 1890 .— The greater 
number of the 14 large specimens have the abactinal spines more widely spaced than is 
usual although the appearance is accentuated by the turgid rays (swollen by large 
gonads). The relatively few straight pedicellariae are slenderer and lack teeth as^a 
nilc. Ihese, however, are present on pedicellariae from specimens taken at 3295, 
IF; fathoms, fine gray sand, same general locality. The more sparsely spined 
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examples from station 3302 (lint* gray sand, 3U fathom**) also luivi' toothed straight 
pedieellariae, 1 >n t they art* not \ery miincmiis. In fad tin* animals from the southern- 
most part of the ranter *eem to be poorly provided witli M might pedieellariae (exerpt 
on the furrow faro of the adambulaeral plates) but there are exceptions to this, for a 
In r^o specimen, with K 70 mm., and well spared spine* (live to seven across tlu* 
dorsal area) from station 5277 (is fathoms, pray sand and rocks, north of the end of 
the Alaskan lVniiiMila) lias numerous dorsal, lateral, and actinal straight pedieellariae 
which either lack or have few short teeth. This specimen also has numerous furrow- 
spine straight pedieellariae, and the largest rays recorded for this species. Three 
other examples from the same station have much fewer pedieellariae and agree with 
the generality of material from the region. 

One of the examples from station 37)30 lias six rays. 

Aleutian Island form. — Specimens from the Aleutian and Sliumagin Islands 
dilfer from typical beringensis in their smaller size, rather more terete and less obvi- 
ously capitate dorsal spines. Straight pedieellariae are rather variable but in a 
specimen from Atka they are well developed with three or four curved teeth to each 
narrowly ^patulnte jaw. The largest specimens have R 35 mm. (Shumagin Island) 
and 3b mm. (Atka). As compared to forma arctica , for example, from Point Frank- 
lin, the Aleutian-Shumagin examples hnve more widely spaced, more uniform, 
and longer spines, with much more conspicuous wreaths of pedieellariae. 

Young . — The young forecast some of the more salient variations of the adults and 
therefore differ among themselves, although less widely than do t lie mature examples. 
There is a good series of growth stages from the type locality, the smallest specimen 
having K 4 mm. In this there is a distinct lateral face to the ray formed by the 
phancrozoniate marginals (about eight) and the flat dorsal surface has only an 
irregular carinal series and a rudiment or two of the dorsolaterals. The dorsal plates 
bear one or two spinelets and a few crossed pedieellariae have appeared. The 
actinal plates have not yet appeared while the adainbulaernl plates are relatively 
more prominent than in larger specimens, with one or two rather slender clavate 
spines, relatively much longer than in the adult. A regular series of dorsalatcrals 
next appears (R 7 min.), while the crossed pedieellariae increase in number. There 
are none on the adambulncral spines which may be only one to a plate throughout 
the ray. The first straight pedieellariae have appeared in the furrow, but the larger 
type are found first in a specimen with R 0 nun. Here there are one or two in the 
interradial groove on the actinal surface where in adult life thay appear to guard t lie 
gonoduet apertures. In this specimen also the first adambulncral crossed pedicel- 
lariac occur on the proximal spines (in this specimen generally one to a plate). By 
the time R reaches 12 or 15 mm. the animal resembles the adult but the spines are 
slenderer, the pedieellariae much fewer, and the actinal plates either absent or rudi- 
mentary. Xaturally also the plates and spine* are le.s numerous than on the larger 
specimens. 

Brooding habits . — Specimens from the following stations are carrying young: 

Station 32-10, Bristol Bay, June S, 1800, temperature not recorded; one specimen. 

Station 3241, Bristol Bay, June 8, 1800, bottom temperature, 38° F.; one 
specimen. 
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Station 3251, north coast of Unimak Idaml, June 14, 1S90, bottom temperature 
37.5° F.; three specimens. 

Station 3255, north coast of Unimak Island, June 14, 1890, bottom temperature 
37° F.; two specimens. 

The crucial temperatures for the development of the embryo are therefore in the 
neighborhood of 37° and 38° F. 

In size the specimens range from I\ 39 nun. to R 60 mm. 

A brood pouch is formed by the strongly arched disk so that the basal portion of 
all five rays is brought together and the adjacent marginal spines interdigitate. The 
cavity thus formed is crammed with tiny sea stars which are attached to a common 
centra! mass by a long slender strand of t issue proceeding from the actinal interradial 
area just external to the mouth plates. This thread of tissue may be as long as the 
diameter of the sea star (2.5 mm.) or considerably longer. It enters the central 
mass which appears to consist largely of the twisted and tangled ends of these elongate 
larval organs. The surface of the mass shows numerous soft lobes, some of which 
appear to he the ends of larval organs, as one may tease the mass apart. It then 
shows a fibrous structure. There seemed to be about six or seven of these centers of 
attachment in the mass of tiny sea stars removed from a specimen from station 3251. 
In other words the mass was divisible into seven smaller clusters. The young were 
closely crowded into the temporary brood cavity, and were pressed closely against 
the aetionstomc. (PI. 10, fig. 4.) 

Anatomical notes, forma bcringensis. — Skeleton: There are three quite regular 
series of plates on the veiuro-Iatcral region of the ray, the superomarginals, infero- 
marginals, and nctinals, graduated in size from larger to smaller in the order named. 
The superomarginals arc prominently four lobed, the descending lobe overlapping the 
ascending lobe of the inferomarginals, which tend to suppress their ventral lobe as 
they are crowded by the similar actinal plates. There are fair-sized regular inter- 
marginal papular areas, but the actinal series of papular areas may be suppressed in 
slondcr-rayod specimens; or in thick-rayed examples two incomplete series are present, 
the inner between the actinal and the adambulncral plates. 

The carinal plates (pi. 9, figs. 1, 2, 3) with three to five short irregular lobes, are 
larger than all but a few dorsolateral plates and are crowded into an irregular zigzag 
series. 1 lie plates strongly overlap one another in the radial direction, without any 
intermediate ossicles, and laterally overlap the dorsolateral plates which in shape are 
irrcgularaly elongate or incipicntlv lobed and form a very irregularly meshed skeleton, 
as in L. polaris kathcrinac , L. p. aerreata, and other species. A variable number of 
dorsolateral plates with three or four lobes, similar in form to the carinals arc larger 
than the others, and are, like them, the most external of the skeleton. A maximum of 
three very irregular series can he traced on either side at the base of ray. The mesh 
is completed by smaller plates without lobes, or with less obvious ones. Different 
specimens vary in respect to the robustness of the dorsal skeleton. (PI. 9, figs. 2, 3.) 
If the plates average slightly thicker, the aggregate result is smaller papular areas. 

1 lie ambulacra! ossicles are fairly large and typical of the genus, the two series of 
port's on either side being fairly close, since the channel is relatively narrow. Cor- 
responding to the first 10 inferomarginals there are 2S or 29 adambulncral plates. 
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The nrtinoMomiid frame, coinpn>cd of tin* combim 1 liist nmhulneml ossicles 
plus tin* live interradial odontophores internally, and the live pails of mouth plates 
externally, is stout ami t hr art inostomc is small <ean ely t w ice ns broad ns t he sut uro 
lt'ntr t h of the lir<t Minhuhirnil element. The hitter i> prominent and the radial suture 
iv }»s long us tho si\ succeeding plate's measured on the* radial lim* a rathe r rriiuiiiiin 
proportion in the' le ss specialized Asteriidae. The* odontophore (tin* inte rradial j> 1 u t e - * 
to which t lie' hi\st amhulacnds. the* e>ra!s, and tile* interbrarhu I m ptmu an* at Inched) 
is considerably broader than the* interradial dime nsion. (Pi. \\ hg. 3. The 1 iutcr- 
brnchial septum consists of large irregular plates, >om< times completely Idling the* 
membranous septum, sometimes leaving irregular uncaleilied spares. 

Then 1 are' no lateral pockets of the coelom formed b\ kccliike extensions of the* 
inner surface* of the' nctinal and marginal plates. The* iuferomnrginnls have* ratlie*r 
loin: tlorsul lobes, plane' on the cnelomic side*, which underlie' the* descending lobe < >f 
the su pern margin a I ; tlie aetinals have' a similar hut shorter dorsal lobe. The*re* is a 
rudimentary second series of aetinal plates visible* from the inside* in large spt*cime*ns, 
eve*n wlu'ii m»t e'vidont externally. 

Inter uni anatomy. — The gonads when mature are lartre’, tin' testes being buyer 
than the' ovaries, and sometimes reaching: nearly lev the' eml e»f the ray. The o\ arios, 
from the very limited number of examples examined, appear to he more* compact, 
shorter, with a few divisions, the surface irregulnr from many lolmles. The testes 
consist of a long central axis, giving rise on the outer side* to numerous short compact 
very irregular lobes and on the inner or ambulacra] side to six or eight long slender 
subdivisions which are provided also with irregular lobules. The gonads are attached 
to the wall of the ray on the inner side of a supermarginal plate, or just below it, 
and exactly opposite the interhrachial angle. The short slender gonoduct turns 
downward and passes outward very close to the interradial line, between the ascend- 
ing lobes of the lirst two iuferomargimil plates. In a large specimen from station 3442. 
August 3, 1SP1, the prominent suhsplierieal genital papillae occur in pairs in each 
aetinal interradial area, in line with the aetinal plates. A swelling, probably the duet, 
leads downward to each papilla, which has a conspicuous terminal aperture. 

The stomach is spacious with strong muscular attachments to the ambulacra] 
ridge. The hepatic eoe< a reach nearly to the end of the ray hut the intestinal eoeeuin 
is small, with two short blunt lobes, each usually subdivided at the end into two. 

Type. Cat. Xo. 7023 C.6.X.M. Typo of forma hirincpuxis, Xo. K 1 4 sp l .S.XM. 

Type locality. — Ten miles west of Point Franklin, Alaska (Arctic Ocean). 13.3 
fathoms, sand. August 31, lsS3 (42 specimens). The type locality of forma htriny- 
fnsi'i is station 3277, Bering Sea. latitude 33° 3 S' 43" X., longitude 101° 40' 40" W , 
IS fathoms, sand, gravel, rocks, bottom, temperature, 43.2° F. 

Distribution. From southern Bering Sea and Aleutian lslnudx to Arctic Ocean, 
eastward to Dolphin ami l*nion Strait, Xortwest Territories; and from low tide to 
43 fathoms. 

Forma arctica. From Cape Franklin to Bering Straits in the Arctic Ocean, thence 
south in the eastern part of Bering Sen to about latitude 00° when* it very gradually 
intergradcs with forma berinyensis. On the west side of Bering Sen, south to the Com- 
mander Islands (hit. 33°). Vertical range f> to 21 fathoms. 
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Forma heringcnsis. Southern and eastern Bering Sea (south of about lat. GO 0 ), 
Shumngin Islands and Aleutian Islands, low tide to 43 fathoms; temperature range 
35° to 40.2° F. Carrying very small young at 37.5° and 3S° F. 

Specimen# examined . — Four hundred and ninety-three. 

Sped mens of forma arctica examined 


Locality 

Point Franklin, Arctic Ocean . 

Depth 

Fathoms 

13.5 

5-10 

Nature of bottom 

Sand 

Cape Lisburne, Arctic Ocean. .. 


Arrfir* Ocean __ . . 


Cane. Siberia . . . . ... . . 

1’iovor Day, Siberia L 

15-20 

Rocky 

Do 



Off Port Clarence , Alaska 

1 

Herinc Strait . 


Indian Point, Bering Strait 

17 

Gravel 

Bering Sea, 63® 37' N.. 165® 19' W 

12 


Bering Sea. 61° 03' N . 167® 55 ' W 



Herinz Sea. 64)° 22' X.. IRS® 45' W 


Bering Sea, GO® 15' N , 167® 48' W 

20.5 



Vicinity Bering Strait, 65® 25' 2S" N., 171® 11' 

6-11 


26" W. 



Station 3514, 59® 22' N., ICS® 21' W 

21 

Fine gray sand 

Nikolski, Bering island 

Shore. 


Station 351S, vicinity St. Matthew Island, 

36 

Greeo mud 

CO® 28' N., 171® \r \V. 



North coast Siberia, latitude 6 7 ® 07' N., loogi 

13-15 

Stones with clay.. 

ludo 173® 24' E. 



Do 

12 

Sand, stones 

Bering Sea, 64® 30' N., 171® 45' W 

25 

Stones 


Num- 
ber of 
speci- 
mens 


Remarks 


Type series No. 7625, John Murdoch. 

No. 3623, W. H. Dali. 

No. 3622 (1669), W. H. Dali. 

No. 6031, Dr. Koht. White. 

No. 3576 (1650). 

No. 3553 (1635), W. H. Dali. 

No. 7627, John Murdoch. 

Nos. 1357, 1359, Wm. Stimpson. 

No. 3582, W. n. Dali. 

Geo. M. Stoaey. 

No. 156SS, Geo. M. Stoaey; intermediate. 
Goo. M. Stoaey. 

U. S. S. Corwin. 

Bottom temperature -10.8° F.; intermediate. 

Bottom temperature 33.9® F.; intermediate. 

Vega expedition. 

Do. 

Do. 


1 The young specimens (No. IG'.SI) from 10 to 15 fathoms recorded by Verrill, 1914 p. 123, prova to be L. groenlandica, broodiag 
eggs in the stomoch. 


Specimens of forma beritigensis examined 


Sta- 

tion 

Locality 

Depth 

Nature of botlom 

Bottom 

temper- 

ature 

Num- 
ber of 
speci- 
mens 

1 

Remarks 



Fathoms 


°F. 



3235 

Bristol Bay, Alaska 

11 

Pebbles, stones. 


2 


3236 


14. 75 

O ravel, sand, shells 




3240 


14.5 

Fine black sand 


2 


3241 


14 

Black mud 

38 



3242 

do 

11 

.do_ _ 

3 


3247 

Mouth of Bristol Bay 


Pebbles, stones 

40.6 

2 


3250 


17.5 

Gray sand 

1 O 

i r\ 


3251 

North coast of Unimak Island 

25.5 

Fine gray sand 

37.5 

iU 

39 

Some intermediate. 

3252 


29.5 

Black mud 


to 


3253 


36 

Mud sand 

1 41. o 
oe 

IZ 

i t 


3255 

do 

43 

t Irppn mini con/1 

00 

1 1 
n 


3261 


27 

uiicu ilium i ouuu...,. 

0/ 

2 


3262 

do 

43 

i 

Black sand rock* 

41.2 

Art 7 

1 

n 

Aberrant. 

3265 

Northeast of U nimak 

38 

do 

39. 8 

2 

1 

Do. 

Do. 

3266 


24 

Black snod 

to 

1 

3269 

do 

16 

Pino oro v conH cVwitlo 


4 

1 

Do* 

3271 


25 

Black sand 

42. 3 
41.9 


3272 


31 

Hlflplf v/irl conH 

1 




tv UUU lUU oaliU - 

42 

4 



1 Probably incorrect; loo high. 
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). entity Pej*tl N lure . f n v |«* - ,* Bemarks 

nlnri- 




y f*u *n 


F 



3.rj 

Northcist of t'niui ik 

« 

(I ray sand, u ud 

3* ' 

2 


3277 

North ti f end of AU»k;t Pen ri'-ul i. 

p 

Gray : 4 r*x * 

4 . 

4 


o27h 

do 

47 

l ine gray sand 

. s s 

1 


&N) 

dn. . 

16 

. . ..do 

41 

5 


32V. 

...Jo 

35 

Gray sand, block specks 

41 

a 


33*6 

Mouth of HrlsUl Hn> near Alaska renin* 

37 

Fine gray saud. >1 • is. 

41.5 

3 



SuU 


gravel. 




32V 

... .do - 

30 

Coarse black snnd 

42 

14 


3?» 

.. .dn 

13 

Black gravel 

i 4'. 5 

3 


3290 


16 

Gray sand, gravel 


I 

Intermediate, doe 






skeleton. 

3291 


26 

Black s*» ud. gravel 

41 2 

27 


321*1 

Bristol Bay 

30 

Fine gray snnd 

40 

2 


3294 


30 

B1 ick gravel 

41 

14 


3295 

.do 

11.5 

F ne gr:»v sand 


2 


3296 

..do 

21 

Gray sand, black specks 

43 

5 


3Jji7 

do 

26 

Gray sand.. .. I 

41.5 

4 


3102 


30 

Fine gray sand ' 

40.2 

20 


3103 

. ...do 

31 

Black sand 

30.5 

V, 


3304 

Mouth of Bristol Bay 

IN 

Fine gray sand 


6 


3305 

do 

23 


41. & 

21 


3300 

dn 

33 

dn 

33. ft 

6 


343S 

Vicinity of I'r h 1 -f Islands 57° 00' 30" N. t 

20 

Fine gray sand, shells 


7 

Typical. 


170® 2? 30" V 






3439 

.....do.. 

41 

Fine black sand 

• 1 44 

4 


3442 

do 

47 

Black mud, shells 

40 

1 

Largest. 

34 *2 

Vicinity Df Brihilof Islands. 57° Is' N . 

42 

Green nmd, fine gray sand . 

3$. ft 

6 



170® 42 / \V. 






3204 

Vicinity of Fribilof Islands, 56° 27' X.. 

34 

Fine gray sand, Mack si-ccks. 

37. S 

14 



169® 27' W 






3205 

Vicinity of iTtbdof Islands, 57° Oft* X., 

3S. 1 

Fine gray sand 

> 41 

3 



I6S® 17' W. 






3207 

Bering Sea. 57° 43' X., 164° 4. y W 

31 

do 

37.5 

29 

lnlcrmediatc. 

320v 

Bering Sea. 3s® 31' X , 164’ 4<F W 

23 


42 

13 


3210 

Vicinity of Prdolof Islands, 57° 1^ 30" X . 

?7 

B1 -ck snnd, s!u 1 s 

40. 1 

4 

Variable. 


1W® 51' \V. 






3511 

do .. 

39 

Fine ynad. Mock mud 

37.2 

* 


3512 

dn 

33 

Fine v tnd, green 1 ud 

36.6 

3 


3222 

Vicinity cf Fribilof Islands, 57° 5s ‘ X.. 

41 

t’i arse gruy Suiid, grawl 

33.7 

*> 



170° V/ W. 






37 If. 

Vlcnlly of Fribilof Islands, 57° 05' .V, 

40 

Green nmd, f ne wind 

42.4 

20 

Do. 


170* :«• \V. 






3 M3 

Vicinity of Bril ilof I. Birds, 56° 41' X , 

43 

HI »ck u I, shells 

42. 7 

1 



169® 39* \V 






3-' *9 

Vicinity of ITib lo' Islands, 56® 56' N , 

3ft 

Gray s ud, br< *tn leU- 

42 3 


Intermediate, with 


10* 52' W. 





f QTcUc* 

3fOU 

X rth coast 1 n m ik I lands . . 

ft 

F ne \ i • r 1 . 

4 > 

4 

Kevsniblcsf crcfica 


K tin ) I land. Ton! IUrl»nr, Shumagtn 

I*»w 

. 


1 

X ft-*, \\ 11 Pull 


I>l nds. 

tide. 






Sanbern Ibtrl* r. Nag i. Stun-gin I- 




2 

N f*l. t \\ 11 iv II. 


Unb 







New Harbor, l*rga, Shumng n Islands . 

Beach. 



1 

\o m.'2, W II Pall. 


rml»kn 

3 6 

M< n> 


4 

No rmv \s II Pall. 


lllu uk llurlnr. Cn&btska 

ID 

SI ingle .. 


4 



X uun Bay, Atka . 

m 16 

S aid 


1 

(tM»P, " II 







Pall 


Cldrkni? fl 11 *rl T. utu 

5- 7 

M n\ r 1 n u*»d\ 


1 

f — \\ II Poll 


lU-r ne .<Wi.fl® 03' X , 1G7® &5' W 




1 

( m . M St. r e\ 


* }’r 1 i»l 1> I r. cornU, too bt^h 
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Specimens of Leptasterias miilleri examined 

West coast of Sweden — - — \ 

Finmark { Grotsnml) ^ 

Bohuslan (west roast Swed< n) — p 

Waidoguha (40 fathoms)-- a 

Iceland (Borufjord, 15 to 30 fathoms) 1 

Iceland (Reikiavik, S fathoms) ^ 

Northwest of Bergen (90 to *200 fathoms) 5 

Southwest of Nidingen (west coast Sweden) 1 


Stanford University. 
Riksmuseum, Stockholm. 
Do. 

Riksmuscum, Stockholm 
(Sandebcrg expedition). 
Do. 

Do. 

Do. 

Do. 


Specimens of Leptasterias hypcrborca examined 


Spitsbergen (Ice Fjord) 1 Riksmuscum, Stockholm. 

North of Spitzbergen (S0° 05' X., 14° 40' E., IG fathoms) 4 Do. 

Spitzbergen (I from Cross Bay; *2 fathoms) 2 Do. 

Baffin Bay (G7° 59' N., 50° 33' W., 9S fathoms) 3 Do. 


Remarks. — There is no sharp line of dcinarkation between the two fonnae. 
There is a considerable number of specimens which may be referred to either. In 
Bering Sea north of about 60° the specimens arc more like the Arctic race, although 
larger as a rule. Even as far south as the Pribilof Islands (as station 3559) large 
specimens resembling forma artica are found, but the crossed pediecllariac are larger 
than in the typical form from the Arctic Ocean. (PI. 8, fig. be.) Occasionally (as 
stations 3290, 3G00) well within the range of forma beringensis, specimens are found 
which closely resemble forma crctica abactinally. If there is any geographic signifi- 
cance to the large form from the southern part of Bering Sea, it is likely that these 
southern “intermediates” arc simply variants of beringensis (especially as they have 
the larger crossed pediecllariac), and not of the typical phase, found in the Arctic 
Ocean. 

The variety from the Aleutian and Sluimagin Islands is rather variable and not 
typical but is more like forma beringensis than arctica. A series of drawings of pedi- 
eellariae on Plates 8 and 10 will show a real but slight difference between the northern 
and southern forms. They are introduced also for comparison with the crossed 
pcdicellariae of L. hyperborea and L. miilleri . 

Through the interest of Dr. T. Odlmer, of the Naturhistoriska Riksmuscum, 
Stockholm, l have received specimens of a number of Arctic species for comparison. 
Especially useful have been the series of L. hyperborea and L. miilleri. 

The question of whether these are distinct species or formae of the same species 
has been frequently raised. Von Uofsten (1915, p. 62) has followed Grieg (1907, 
p. 13) in considering them separate. The matter is of interest in determining the 
nearest relative of arctica in the North Atlantic and adjacent Arctic Ocean. Grieg 
(1907) writes: 


]f wc compare Astcria* hyperborea with Asterias rniillcri and nearly allied forms, we shall find 
that it has quite a different and coarser armature on the abactinal face of the disk. The most 
characteristic difference, however, is in t he pediecllariac. In As/crias 7tiiillcri there are a few 
forfieiform (straight) pediecllariac on t he ambulacral papillae, or they arc altogether wanting; in 
Astma-s hypcrborea t on the other hand, the pediecllariac are forcipiform [crossed] and arranged in 
groups. 
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The distinction is unfortunately not so simple. Crossed pedieellariae are present 
on the adambularrnl spines of all the specimens of mullcri < xnmined hy me, and some- 
times in fair numbers. They are also ahundant on the same spines of hyperborea. 
The ahaetinal spines do average larger on hyperborea and are often more numerous 
than in mullcri. There is, however, a small hut distinguishable dilFerenee in the 
crossed pedieellarine. (IT S, ligs. 4, 4a, b; pi. 11, ligs. 1, la-le.) In hyperborea the 
peilieellaria is wider (pi. 11, ligs. 1, 1c) as soon in profile, with a larger terminal lip 
which is broader than in mullcri . The large specimen of hyperborea from lee Fjord, 
Spitzhergen, has numerous conspicuous spatnlnte straight pedieellarine similar to 
those of arctica. (PI. II, figs. Id, le.) This example has K S2 mm., and is much 
bigger than average specimens of mulleri. 

I)r. A. Djakonov, of tlie Zoological Museum, Academy of Sciences, Leningrad, 
made comparisons of specimens of L. mullcri , L. hyperborea , and L. groenlandica at 
my request and wrote me as follows: 

My investigations have led me to the conclusion that: t. Kalischcwsky had an incorrect idea 
of these species and what he held for A. hyperborea was really L. groenlandica in att cases. 2. A. 
groenlandica is a good species and is clearly different from nnUeri-h ypi rborea. 3. A. hyperborea can 
only with great difficulty he distinguished from mullcri and is, it seems, only its arctic form, there 
being intermediate specimens between them. 4. A. m dleri is not to be met with eastward of 
middle Murman coast of northern Russia; records of mullcri from the coast of northern Siberia 
are referable to hyperborea. 

I think the relationship of arclica is with mullcri rather than with hyperborea. 
The crossed pedieellariae of urctica are more like those of mullcri than of hyperborea, 
and the general appearance of arclica , especially of forma beringensis , is much like 
that of mullcri. it is likely that the two species intergrade, probably through a 
series of slightly differentiated geographic forms. 

Verrill (1900, p. o53) has expressed the opinion that hyperborea and arctica are 
the same, hut in 1914 he recognized arclica as a full species without mentioning his 
previous identification, nor pointing out the close similarity of the two. 

Arctica seems to he the equivalent of mullcri in Bering Sen and the Arctic Ocean 
to the north. It dilfers from mullcri in having either a closer, more capitate ahaetinal 
spinulation or numerous spatnlnte straight pedieellariae or both in varying degrees. 
The south Bering Sea form of arctica is larger than mullcri with heavier spines and 
more numerous pedieellariae of both sorts. 

LKCTASTKKI AS IIYI.ODKS, n <* w 

Plate 10, Figure* 5-1 1 ; Plate 17; Pint** ts, Figures 1 3 

Diagnosis. — Dilfering from L. arctica in Inning uniform, rather close-set, slender, 
terete, often slightly tapered, striated hut noncapilate, heavily sheathed ahaetinal 
spinelets, the earinal series of which is not at all dilferentiated from the other spines. 
The species occurs in a dwarfed form, sexually mature at R 15 to 17 mm., in which 
the skeleton and spinelets are relatively inure delicate than in the large specimens, 
and more delicate than in corresponding sizes of L. arctica. Type, K. 39 mm., r 9 
mm., K=4.3 r; breadth of ray, just beyond ba>o 12 to 14 mm. Rays well arched 
with rounded sides and plane actinal surface, slender to medium stout, gently taper- 
ing from a slightly swollen hn^c to a blunt extremity. 
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Description . — The surface of the body has (lie appearance of being covered with 
close-set slender, subter ete, uniform, small spinelets emerging, in alcoholic speci- 
mens, from a pulpy sheath, carrying in the small specimens usually few crossed pedi- 
cella riae. The spines are pretty uniformly spaced, hut vary considerably in number. 
In smaller examples (as with K 25 to 30 min.) from station 2847 the spinelets appear 
as a coarse nap, with very narrow interspaces between the sheaths of neighboring 
spinelets; in others there are much wider interspaces with an evident arrangement of 
spinelets in longisories, although sometimes with no great regularity. The abactinal 
spinelets are typically very much slenderer than in arctica , terete, slightly tapering, 
terminally striated in large examples and bluntly pointed. In typical, small, deep- 
water examples (as stations 2845, 2840, 2847, 2851, 2S5G) this character is accentu- 
ated, the spinelets being very delicate and sometimes almost setalike — quite different 
from the stout capitate spinelets of arctica. But in some localities the spinelets are 
heavier, slightly clavatc, with a rounded striated summit (as stations 4281, 3260, 
32GI, 32G5). In hylodcs there is no crowding of the carinal spines, nor are they dis- 
tinguishable by greater size from the others, except in a few aberrant specimens, 
where the discrepancy is slight. One of the most characteristic features of this 
species is tho uniform appearance of the abactinal area — entirely unlike that of 
typical arctica. This is as well marked in the relatively gigantic type (and in an 
equal sized specimen from station 2847) as it is in the general run of specimens which 
arc small, though sexually mature (as station 2856). In the type the dorsal spines 
are 0.90 to 1.2 mm. long. 

The supero and infer© marginal spines form two usually very regular lateral 
series, and in all hut the smallest specimens there is an incomplete series of actinals, 
the number varying from a few spines to a nearly complete scries. There are thus 
three ventrolateral rows of spmes, which in typical specimens are similar to the 
dorsals, though usually larger, and in the ease of the inferomarginals and actinals 
slightly heavier in small examples and markedly so in large ones. There is great 
variability in the thickness of these marginal and actinal spines, just as there is in 
the dorsal. A short series of smaller intermarginal spinelets is generally present. 
The supcromarginnls have a complete wreath of pedicellariae, the inferomarginals 
a complete or an incomplete wreath and the actinals a tuft on the outer side, the 
number of pedicellariae variable but not high. The marginal and actinal spines in 
the largest examples are less regular than in the small. 

Adambulacral spines slender, subtcrctc, slightly tapered, bluntly pointed, one 
or two to a phi to in fairly regular alternation, except on the first dozen plates which 
may carry mostly one, or mostly two, spines. The adoral adambulacral plates 
usually three in contact behind the oral plates (and the first rather the longest), 
each carry but one spine. Tho largo type- (station 2851) has two spines on most of 
the plates on the proximal half of ray. 

Oral plates small, the spines two or three as in arctica. Where there arc two, 
which seems to he more often, the furrow or smaller marginal is suppressed. In the 
type cadi plate has n .short tapering blunt spine at the inner end and another, the 
suboral, at the outer. 1 lie latter may carry a large unguiculatc pedicellaria, or only 
one or two crossed pedicellariae. 
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Pnpulno usually not conspicuous, one or two to (In* ahaetinal ureas (frequently 
only one in small examples); two, three, or less often four intormnrgimdly (one or 
two in small examples); one to three in aetinal areas. The skeleton is -oinewhnt 
more eoinpaet, less open, than in arctica ami the papular areas are eonse<piently 
smaller. 

Straight pedieellnriae. (PI. 10, fig. 0.) A few relatively large unguieulate 
pedieellariae are present on the ahaetinal surface, especially near the interradii, 
in the intcnnnrginnl and aetinal channels, and in the aetinal interradial ehannel. 
Those of the ahaetinal surface may he nearly or quite ns lone ns the slender spines 
and considerably stouter. Similar hut smaller pedieellnriae occur on some of the 
suboral and proximal adamhulaeral spines hut not at all constantly. Smaller pedi- 
eellarine without teeth but with a notch in the end of one jaw, and the tips of the 
jaws crossed, are abundant, as in arctica , along the furrow face of the ndnmbulacral 
plates. 

Crossed pedioellnrhe very variable in number hut in small specimens generally 
few', form a circle around the summit of the prominent sheath of the ahaetinal and 
marginal spines, and tufts on the outer side of the aetinal and adamhulaeral spines. 
In most of the typical deep-water specimens the pedieellnria* are few. In specimens 
from station 2S50, the dwarfed deep-water form, there are only two to live pedieel- 
lariie surrounding the. dorsal spines, four to eight around the marginals, and one to 
three on the adamhulaeral spines. Typical pcdiccllaruo from station 2S5G arc fig- 
ured (pi, 10, figs. G and 7). The ahaetinal are about 0.21 to 0.225 mm. long (in the 
large type 0.20 to 0.25 nun.). The adambulnernl may be slightly longer. Some of 
the furrow' spine podieelhirire dilfer from the ahaetinal, as in artica, in having a longer 
terminal denticulate portion when seen in profile. These dilTcrcn tinted pedieellariie 
seem to increase in numbers rather more rapidly than the others, as the animal 
grows, and they appear to he less numerous in this species than in artica but it is 
dillieult to achieve any degree of accuracy since variation in the total number of 
pedircllarke is so wide. (IM. 10, fig. 7.) The crossed pedieellariu* are more numer- 
ous than usual in the large specimen from station 2847 (pi. 10, figs. 5, 5 </), ami the 
sheaths carrying them are especially prominent, forming near the tip of spine a good- 
sized flange of pulpy tissue carrying G to 12, or even more pedicellnriaq which measure 
about 0.27 mm. in length. The inferomarginals curry upward of 25. In contrast to 
this, the type specimen from station 2851 (pl. 10, fig. 8) has slenderer ahaetinal 
spines with only two to live, podieellaria* each (0.20 to 0.25 mm. long), and upward 
of 20 on the marginal spines. 

Madreporic body small, variable, >ituated about 0.G r from center and with a 
circle or half circle of spinelets guarding it. 

Variations. The general appearance of this species varies les- than that of 
arctica; hut there is nevertheless considerable difference in specimens from the same 
station. Some of the dilferenees, such as the spacing and robustness of >pincs, have 
been stated in the description. It may he added that there* is diversity in the robust- 
ness of the rays as well ns in the proportions of K to r. 

The specimens from the greatest depth, 08 fathoms, station 2s5G, are all small, 
although most of them arc sexually mature, having well developed gonads. The 
largest has K 21 nun.; the largest from station 284G, 4 1 fathoms, ha- l\ 35 mm.; that 
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from station 2847, 48 fathoms, has K 39 mm.; from station 2845, 42 fathoms, 30 mm.; 
from station 2851, 35 fathoms, 39 mm.; from station 3259, 25.5 fathoms, 33 mm.; 
from station 32(35, 38 fathoms, 37 mm. Thus the maximum size ranges roughly 
from 24 nun. to 39 mm., the smallest being from 08 fathoms. The specimens from 
stations 3213, 3214,3215, 3217, 323S are also small, and are all within those extremes — 
the majority having R less than 30 mm. 

The specimens from Popoff Strait, the Shumagin Islands, and Agattu are not 
typical. They are small and the spinelets are more widely spaced than in average 
deep-water examples. Crossed pedieellarice are few on all spines. 

Specimens from stations 3265, 3266, and 3291 have given considerable trouble 
on account of their variability and general resemblance to L. arctica . Those from 
3265 are referable to hylodes except one which if considered alone would he regarded 
as L. arctica forma herinyensis with rather slender spines, and is so recorded. Speci- 
mens from 3266 are like this single example from station 3265 except one which is 
referable to hylodes . Four have been recorded as aberrant arctica. Out of 28 speci- 
mens from station 3291, one is referable to hylodes and the others to L. arctica forma 
beringensii s with unusually slender, hut fairly well spaced spines. Other specimens 
of arctica which approach hylodes are found at stations 3242 and 3262. Typical 
hylodes is very distinct from arctica and ranges, through various small races, into 
Japanese waters. It is found in its most typical form south of the Alaskan Penin- 
sula, west of Afognak Island. Whether these aberrant specimens of arctica from the 
region of Bristol Bay are intermediates, or the results of crossing with hylodes, speci- 
mens of which were found in the same bottles (as stations 3265, 3266, 3291) must 
remain undecided. It is probable that hylodes does not range far into southern 
Bering Sea. 

Anatomical notes . — The skeleton is essentially like that of arctica, with sur- 
prisingly little difference when allowance is made for the disparity in size. In 
hylodes the abaetinal skeleton consists almost entirely of primary, mostly 3-lobed 
plates with relatively few intermediate ossicles such as multiply in large examples 
of true arctica, or its southern Bering Sea form. Corresponding to the first 10 
inferomarginals there are 29 or 30 adambulacrals. The series of aetinal plates of 
a specimen from station 2847 with R 22 mm. extends along the ray about two- 
thirds R from center, or to the twelfth inferomarginal (a little over half length of 
ray measured on side). 

L lie gonads arc fully developed in an example with R 17 mm. from station 2856. 
I hey open on the ventral surface, close together, on either side of the interradial 
furrow, and on a level with (he aetinal plates, or a trifle higher. The aperture is at 
the summit of a conspicuous thick papilla, when the products are mature, and is 
often guarded by a large straight pedicellaria. The testes extend fully half the 
length of ray and consist of a number of relatively slender, lobulated lobes, while 
the o\ aiios are shorter, more compact, with a few subsphcrical lobes, or without 
lobes. In a specimen from station 3215, May 21, temperature 38.5° F., the gonads 
are not mature, although they appear to be on the way to maturity. Those from 
station 32b.*), June 25, temperature 39.8° F., have good-sized gonads, apparently 
n4 \ et mat me, however. In examples from station 2847, July 31, temperature 
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42° 1*\, the e^s appear to be full v developed ami relatively few and huye; in spe< i- 
incus from 2V r >t> f August 22, temperature 44° K. f the gonads arc nUo mature. Xone 
of I lie specimens has ymm<r. 

Type. — ('at. Xn. 10 HUH, l .S.X.M. 

Type locality . — Station 2 n." 1, vicinity of Slmmnt'iu Islands, .*»J° 5.*/ X., lop 0 ,yj' 
\V. f Ho fathoms, jiray sand, broken shells, bottom temperature 44 s° F. 

JJi'itributioU'— In a typical form, south of the Alaska Peninsula and Aleutian 
Islands, 2o to f>S fathoms, but nm<'iii£ into shallower water. 

Sptcuncns tsaminal. Two lmndred and sixteen. 

Specimen* of Lcptustvrii ts hylwltn 
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He id arks.- In the foregoing description nil the comparisons have been with L. 
arctic", hut hylodes resembles, as closely, the arctic L. hyperhorea. This species is 
verv rare, poorly understood, and usually confused with L. miilleri. L. hylodes le- 
sembles hyperhorea in having very numerous, close-set abactinal spines among which 
the carinal series is not readily distinguishable. It differs in the form of the straight 
pcdieellariae (which are rarely present in hyperhorea), and in the form of the crossed 
pedicellariae. (Compare pi. 11, figs. 1, If/, with pi. 10, figs. 5, 6, 9.) When compared 
side by side with hyperhorea, the rays of hylodes are seen to be thicker and shorter and 
the abactinal spinelets much more numerous and shorter. 

LEI'TASTEUI AS OUIENTALIS Djakonov 

Plate 11, Figures 2, 2a-2h; Plate 19, Figures 2, 3; Plate 20, Figure 3 

Leptastcrias oriental is Djakonov', Xeue Seesterne aus deni Oehotskiselien Meer. II. Lcp- 
tastcrias orientalis s;>. n., Coinpt. Rend. Acad. Sci. U. R. 8. 8., 1929, p. 277. 

Diagnosis. — Kays five, of medium stoutness, tapered, slightly swollen at base; 
disk small; spinelets slender, tapered, with heavy wreaths of pedicellariae, rather uni- 
formly and elosely placed, hut without longiserial order except on sides and actinal 
surface. Differing from L. hylode s in having much more numerous crossed pedicel- 
lariae, especially abnctinally; less numerous abactinal spinelets; and in having more 
numerous shank teeth on the jaws of the crossed pedicellariae. Differing from 
L. hyperhorea in the form of both crossed and straight pedicellariae and in the greater 
abundance of the crossed pedicellariae. R 55 mm., r 9 mm. R = 6 r; breadth of ray 
at base, 13 mm. 

Description— Spinelets slender, tapering, pointed, less numerous, longer, and 
with conspicuously larger ciraimspinal clusters of pedicellariae than in hylodes . 
Across the abactinal area, at base of ray, 13 to 15 spinelets can be counted. The 
wreaths touch one another and neither the carinals nor dorsolateral spines (except 
adjacent to superoinarginals) form longiscrics. Papulae singly or in groups of two or 
three emerge between the spinelets. 

The marginal and actinal spinelets are longer than the dorsolateral and are clad 
in heavy stoles of pedicellariae, which on the aetinals are on the outer side of the spine. 
One series of aetinals extends nearly to end of ray while a second occupies the basal 
third. Only one series is present in the specimen from station 5024. 

First six or seven adamhulaerals monacanthid ; then irregularly monacanthid 
and diplacftiithid; then monacanthid on outer half of ray (mostly monacanthid 
throughout oil small example). The furrow spines of alternate plates are set a little 
further furrowward, giving the appearance of two series of spinelets along the margin, 
or even three on the basal half of the ray. Sj lines with heavy cluster of crossed pedi- 
cellariae. 

The apertures of the gonoducts are marked by two prominent papillae in each 
actinal inter-radial area (near the sixth or seventh adambulacral plate), usually 
guarded by a large straight pcdiccllaria. 

Mouth plates with one slightly curved, tapered, blunt actinostomial spinelet 
about as long as median suture and carrying one or two lanceolate straight pedicel- 
lariae; and one suboral, longer straight spinelet similar to the adambulacral spines. 
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Thi- usually entries, in addition to -e\cral cm— e 1 pedieellariae, out* or two prom i- 
nent, narrow, straight pcdicclhiriae with the en 1 of the jaw* notched or pointed 

( n.xai I tcdicclhmac pi. 1 1 , liirs. 2<\ !?</ > mca-ure 0.27 to 0.31 mm. Ion*' and have 
rather numcrou- troth c-pceially in the outer of the vertud lows of shank teeth. 
Tin* specimen from '■tat ion -lslO (pi. 1 l, li«r. 2a; ha- -mailer pcdicclhiriae (length about 
0.2 mm.) and i- intermediate in t lii< respeet with that from off tin* Hav of Sendai 
station 5017) which repre-ent- another, elo-ely related, rare. In this form tin 1 pedi- 
eellnriae are still smaller (about 0.1s <u* 0.10 mm.) with numerou- very small shank 
teeth (pi. 11, lig. 2/d. hut are not nearly so numerous as in orUntali 

Straight pedieellariae 0.7 to 1 nun. long. sparingly present in intei marginal 
ehannel and between proximal aetinal spines; two are Usually present, near the 
apertures of gonoduet-, in eaeli aetinal interradial area. The jaw - may he narrow ly 
spntuhite with a few teeth or tapered and without teeth. HI. 11. lig. 2/.) Small 
narrowly lanceolate one- an* present abundantly along the furrow face of the ndam- 
hulaeral plates; « few larger ones on the oral and proximal mlamhulaeral spines. 

Typf . Cat. Xn. 51 ii! , Museum of the Aeademy of Srienees, l . K. S. S., 
Leningrad. 

Tijpi lovality . — Okhotsk S(*a, 57° 3(V X.. 1-10° 34' 1C., 100 meters, mud, bottom 
temperature — 1 .4° ( \ 

Distribution. — Okhotsk Sea to Sea of Japan, cold area. 

Specimens tsamint d .— Okhotsk Sea, 57° 30' X., 140° 34' E.. 100 meters, mud (sta- 
tion D), hydrographic expedition, Pacific Ocean, August 14, HUS, from the Academy 
of Sciences, l\ K. S. S., l)r. A. Djakonov, one specimen (topotypo). 

Station 5024, o(F Cape Patience, Saghalien, 4s° 42' 10" X., 144° 50' 30" E., 07 
fathoms, sand, pebbles, bottom temperature 30.0 F., one specimen (Albatross, 1000). 

In addition to the above, two specimens with K 21 mm., from station 4S10, olF 
Cape Sirakami (Hokkaido), west entrance to Tsugaru Strait, Japan, 105 fathoms, fine 
gray sand, bottom tempera lure 14.7° F. (not typical). 

lit marks . — The occurrence of this form in truly arctic temperature* of the Sea of 
Okhotsk suggests that it may he n derivative of the high arctic hyprrborca. ll appear* 
to he more closely related to hypuborea than is In/lodt^; both resemble by pi rbona, 
however. 

OrUntalis has much heavier stoles of pedieellariae than hypirboroi . For the form 
of the eroded pedieellariae of hypcrhorc a see Flute 11. Figure- 1, la, 1 //, lr. Tin X 
are relatively broader. The straight pedieellariae of bypfrbona have wider, spntuinte 
jaws with more numerous teeth. (PI. 11. figs. 1 </, 1<.) 

The two specimens from the Sea of Japan are not at all typical. The crowed 
pedieellariae are smaller and the straight pedieellariae are much slenderer, with more 
delicate teeth (resembling tin 1 slenderest type of hylodis). They are probably ex- 
amples of a small race, living in the cold water <4 the Japan Sea, intermediate I e- 
tween urimtulis and an undescrihed race found in the warmer waters off the east 
coast of Hondo (station 5017). Station 4S10 is at the southern limit of winter ice in 
the S< a of Japan. 
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LKPTASTEK! AS HStlKKl Djnkuiiov 

Plate 11. Figures 3, 3 / -3//; Plate 20, Figures 1, 2; text Figure 1 

L* piaster ins fishcri Djakonov, Xeuc Seesteruc aus deni Ochotskisclicn Moor. I. Lrpiastci uis 
Jixht'ri n., t’oinpt. Rend. Acad. Sri. U. It. S. S., 1929, p. 233. 

Diagnosis . — A relatively largo, 5-rayed species having all the spims arranged in 
spaced longi series. Kays slender, very gradually tapered, well arched; disk small; 
K S3 min., r 15 mm.; R -5.0(5 r; breadth of ray at base, 15 mm. Carina! spines 
blunt, one to several to a plate, in a prominent, irregular longiseries; oil either side 
two burly regular well spaced dorsolateral series oi smaller spinelets; then two 
marginal series, successively larger and very regular, one spine to a plate; then two 
aetinal series, also regular and slightly larger; at base of ray a few small intermar- 
ginal spinelets; all with neat stoles of normal-sized crossed pedicellariac; adambu- 
laerals two and one, alternating; large intermarginal and aetinal, toothed, straight 
pedieellariae. Differing from L . arctica, L. groenlandlca , and allies in the longiserial 
arrangement of t he well spaced dorsolateral spines and in the conspicuously longer 
rays and heavier bivalved pedieellariae. 

Description . — Carinal spines short (0.9 to 1.1 mm.), robust, round-tipped, one 
to three to a plate, forming a conspicuous, irregular series in marked contrast to the 
dorsolateral spinelets which are slenderer, shorter, and stand in two fairly regular 
well-spaced series. Outside of these there is a very regular series of similar, but 
larger, bluntly pointed superomarginals (1.5 to l.S mm.), one to a plate; then outside 
of these and separated therefrom by about their own length is a very regular series of 
pointed inferomarginals, one to a plate, about 0.2 to 0.23 mm. long. The supero- 
marginals are rather high on the side of ray, whereas the inferomarginals define 
ambitus as viewed from above, and may be easily mistaken for the superomarginals, 
inasmuch as directly below them there is a series of exactly similar, but a trifle 
longer, nctinals which extend very nearly to t lie tip of ray. A second series of 
similar nctinals extends about half the length of ray. There are thus on either side 
of the carinals, two series of small dorsolaterals, one series of larger superomraginals 
and then three series of still larger subequal spines, the upper of which is inferomar- 
ginal. These spines are surrounded at base by a neat wreath of crossed pedieellariae 
(a tuft only on the inner nctinals) and in the aetinal and intermarginal channels are 
fairly numerous bivalved pedieellariae about 1 to 1.2 mm. long. (PI. 11, fig. 3a, b.) 
On the disk the spinelets are unequal, irregularly spaced like the carinals. 

Between these regular longiseries arc longiseries of small groups of papulae, two 
to four dorsal ly, one or two laterally and vcntrally. 

The carinal, marginal, and aetinal plates are fairly definitely four lobed and are 
directly imbricated in series, without secondary ossicles except sporadically, as shown 
in text Figure 1. The exact form and relations of the dorsolateral plates are indicated 
in the figure (dotted plates). 

Generally speaking, the adambulaeral spines, which are slender, tapered, pointed, 
and heavily laden with crossed and straight pedieellariae (pi. 11, fig. 3c) alternate 
two and one along the furrow, except at the mouth angle, where the first few plates 
carry one only. Adoral earina narrow, consisting of three pairs of contiguous plates, 
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t In* fourth pair slightly separated. Tin* first two plates aiv disiinrtK longer than the 
third, and tile two combined are about as lon^ the mouth platen. 

At the inner end of the mouth an^le are two I)limt netiuiMoininl spines, and on 
the narrow ed aetinnl surfaee the two suborid spines are erowded one behind the other 
Aetinostoine small, sunken, having the irenernl appenrame of k'm.'i* rias. 

Crossed pedieellariae (pi. 11, li^. 3), rather numerous routined to spinal .sheaths, 
as noted above. The almetinal are 0.32 to 0.34 mm. lontr. 

Straight pedieellariae of two sorts: (1) Rather tsenerali/.ed, luneeolate ones 

(either robust or medium slender) of various M/.e-, on the adamhulaeral and oral 
spines (somewhere around 0.7 mm. lone, pi. 1 1, li<r. 3r), and numerou- smaller pedun- 
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eulate ones at base of same spines; (2) larirer toothed ones (pi. II, liir>. 3'/, 3/>) in 
intennaririnal and netinal channels and very rarely on ahaetinal surface (1 to 12 
mm. lone). Two or three of these stand near the eenital apertures on the very 
narrow netinal interrndinl region. 

Madreporie plate 2.0 mm, in diameter, situated at middle of r, at top of axil- 
lary channel. 

Gonads attached to body wall at base of ray between the superomanrinal and 
inferomanrinal plates. In one intcrrndiu-s the two genital papillae can be demon- 
strated just bnek of the adoral earina. 

Type* — Cat. No. 5130, Museum of the Academy of Sciences, l\ K. S 
Leningrad. 
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Type locality. — Okhotsk Sea, 50° 03' X.. 144° OS' E., HO meters, mud. 

I lixtribution. — Okhotsk Sea, dulf of Tartan’. 

Specimen examined.- Okhotsk Sea, 50° 03' X., 144° OS' E„ 110 meters, mud. 

lie marls- 1 am indebted to Dr. A. Djakonov for the specimen upon which the 
illustrations and the above account are based. 

This species, like orientaUs, lives in the very cold environment of the Okhotsk 
Sen. It appears to belong in the hyperborea-yroenlandiea section of Leptatferias, from 
which, as well as from all other 5-rayed north Pacific Leptastenas, the species enn be 
distinguished by the regular dorsolateral longiseries of spinelcts. In a general wav 
fixheri resembles L. tenera forma eompta of Xew England waters. In L. tenera, which 
is a small species, the spaced spinules are heavily wreathed but the carinals are 
similar to other abactinals, and no large bivalved pcdicellariae are present in my 
specimens. The crossed pcdicellariae resemble those of fisheri in details, but are 
only 0.2 to 0.22 mm. in length abactinally. 

L. leptalea Vcrrill was based upon a very small specimen from southern Alaska. 
Since the type is lost and no other specimen is known, it is doubtful if the species 
can be surely identified, as no details arc figured. The crossed pcdicellariae are said 
to bo of “unusually large size, with strongly curved blades, numerous in groups 
around the dorsal spines and on the papular anas.” This does not apply to Jisheri. 

LEPTASTEUIAS LEPTALEA Vcrrill 

Leptaslcrias leptalea Vekhill, Shallow-water Starfishes, 1014, p. 119, pi. 18, fig. 3. 

The 5-rayed type of this species, the ventral side of which is figured by Vcrrill 
(pi. IS, fig. 3), is said to he from Sitka. The only locality mentioned in the 
description is Virgin Bay, Prince William Sound, Alaska. The type can not now be 
located at the Peabody Museum, Yale University. A small 6-rayed specimen from 
Sitka (No. A. 275) collected by W. R. Coe, 1S99, and labeled leptolea is obviously 
not the type, nor this species, there being six rays, two or three superomarginal 
spines, and small crossed pedieellariac. It is possible that the lahel may have been 
attached to the wrong specimen, which resembles L. asteira. 

Verniks small figure of the ventral surface lacks pertinent detail. Such figures 
of Lcptasterias without a dorsal view are of little value. It resembles L. groenlandiea , 
some specimens of arcticn, and some of hylodes , and even hyperborea and orientaUs . 
From the standpoint of locality hylodes is the most likely, if the description fitted. 
The dorsal spinelcts of hylodes can hardly be described as “not numerous, conical, 
relatively stout;" nor are the crossed pcdicellariae “of unusually large size with 
strongly curved blades;" nor do they ever occur on the papular areas. The straight 
pcdicellariae are not “small, ovate." 

The following is the original description: 

A small and \ery delicate 5-rayed species*. Radii, 2.5 lmn. and 15 mm.; ratio, 1 : 6. Rays 
terete, evenly tapered. Dorsal ossicles relatively strong, thickened, especially those in the median 
rows. Dorsal spines i ot numerous, conical, relatively stout, usually standing singly, one to an 
ossicle, and forn ing three or five rather irregular rows. Ocular plate relatively large, bearing a 
d» use cluster <»f small spines. Minor pedieellariac of unusually large size and with strongly curved 
1 >!ad< s are usually numerous in groups around t he dorsal spines and on the papular areas. Adam- 
1 mlacral spines mostly two to a plate, or alt t mutely one and two distally, very slender, terete, often 
slightly elavate. Lower marginal spines, which are much larger, acute, conical, like the dorsals, 
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*1 1 if. f ( ,rin mill *hr. M i«i<»r pc«lic« Ilurin** frw, mumII, • -% :iU*. 

U -n.e ninlmlaoral feet an- in four rows, Ion the adjacent rows form only a Inn , > •«« < > 

soiiuliiiu's appear almost bisorml. 
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Hate. S, Figures 1, In l, f 2. 2«. 25. 3, 3n; Flat.- 21 23; Plate 21. K.*..n-i I. 2 
I>. 'JO.—^tkkn-sthlt, l*«»rh. bkaiiu. Aauiri., 

Kcl.in o.i. nnata of the Arctic Sea. He., ISM . 1>I» I* 1 - - *; , 

1 sf, rins eribraria Stimi-son, Free. Boston Soc. Nat. 111-*., '"1. S, 1M;-, |» -'»• ' 

7wv‘ Stoll.. IS75. tin. — Kenwtis, Z Jahrb.. !>• 2w, F>.una ^'',ca. vol. 1. 

... -IS'.’. Bull, I’roc. Zool. S»c., 1SS1, Ill 1, 511a. 

AMcna, granh«diea Stimcson, I’roc. Acad. N»< *■«-.. ' ^ £ 

•\n.cr Nut vol. 13, 11*00, p. a',3— Liebkkkixd, \ tdensk. Medd. fra Dansk naturln 

> A-.. «- *. 

i 

.Irenas incrmis 1’roc. Zoo!. 1 >vM, 1>- * *• I1K ' * 

M-ic Nat. Hist., sit. *.», vol. IN, 1U-0, p. 1 - ,s >) , . . . , 

AsUrLT^ r,rn.U D vnici.sskn and lumas, Norwegian North Atlantic bx„.. Astcro.d.a, 

1 s,s I , p. 5 7, pi. 1, ftps- 1-11. ^ . , . 

Ltplasltrias groenlawlicn Vr.nuti.L, I’roc. I . S. Nat . M us., \o . • > y !*• ' • -Sven-kn 

.1,',-r.as rn.iH.Ti groenlawlica von IIofsten, Die Lchmodcrn.cn ties L.sfjords, Kuncl. . 

Vet. Akad. llatidl., vol. 51. no. 2, 1915, I*. 00 (distribution). 

Ocmislcr i,.s eribraria Vkhr.ll, Shall .w-watcr Starlishcs ’ >» 14 ' %*’ 

tip 7 A 11. Cl An k, lUp. Caiuwlian Arctic Kxp., 1.M3 KUS ; K ‘ ’ “ ’ 1 * M 
Lcriria. uWeeM Vr.na.Li.. SI.allow-wnt.-r Starfishes, 191-1. ,*• 1 »• Halu-r. Ann. Mag. 
Nat Hist., fcr. U, vol. 1*2, 1023, p. 500.; 

11 a vs live, slender to robust, tnpcrin.tr, blnn.ly point ml. Kocipni*- 
nlilo nsnallv by the broad but short don-olaloral pnpnl.tr arcs vvh.e b 
r.-nch from the carinal to the Mipcnminr-rim.l plates these m- pan. ted In im.ulnr 
sometimes nunstoumsin, transverse irnheenlne benrin, small s,un. ;>.< . e.tber s * eed 
„j n „l v or in spncetl small protips. Supmunarpmal spin.- nsnallv t v. tbr , 
infennnarpiiials nsnallv two; aetinals, one. all st.rronmled by eompl. n. dense wren i. 
of pedieellariae. Adatnbnlaernl plates diplaenn, hid provtm.dly 1 of 

In roe speeimen: K 55 mm., r 11 ....... K 5 r: breadth ol ray al U .... .. «» 

a small breeding speeimen (Uerinir Mnni > K 1, mm., r 1 mm , H - r. 
rnv at base f> mm. A vt-rv variable species. . , , , , 

• In order .«* render this variable speei, > reeopt.rnble by desenp- 

tion i, will be necessary to consider fimt the more pn-val. nt for.., a. «b,.b has a 
ebnraeleristie nppeuranee. This is the font, ttu.de known bv Mnnps.m under 
name cribrariu and later bv UnnielsM-n and Koren ns s r ,t:bn ; ltA* v 

The ravs vary from slender In rather slot.! and m small >]..e. m..s mav 
inllnled anti tnmi.i, Pla.es of abae.inul skeleton slender and arranpi d in 
transverse bars, fairly close .o^elber, will, tn.ervnnn^ .nmsvoely .-l» -M<e ph, »*r 
areas especially ndjneenl to marginal pbt.es and on on,, r pari of ra. . 
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not uncommon to find these narrow areas all along the side of the ahaetinal area, 
and some of them extend without interruption from the carinal to the superoinarginal 
plates. They are accentuated by drying. The ahaetinal spinelets are small (0.4 
to 0.7 mm. long) of variable caliber, but generally slender, distinctly clavate to 
subcylindrical on the one hand or subcapitate on the other. They are rather num- 
erous and on account of the structure of the skeleton form many transverse lines. 
They stand on the trabeculae in lines either singly or in linear groups of two or three, 
and increase in thickness toward t ho earinals. The latter are generally the largest, 
subcapitate or capitate, striate, and form a definable irregular longiseries. In most 
specimens then' is a supra marginal channel, immediately above which the spinelets 
form a fairly well defined longitudinal dorsolateral series which is more prominent 
in forma tjrocnlamUai. Even in forma cribraria there is considerable variation in 
the caliber, shape, and number of the ahaetinal spinelets. In alcoholic specimens 
the spinelets appear to stand in transversely oriented groups, surrounded by deep 
narrow creases in the pulpy integument. 

Superoinarginal spines in a transverse series of two, three, or four, the median 
(or second from the to})) generally the largest. They vary from slender to stout, 
and from terete, slightly tapering to cylindrical or clavate, depending upon the 
robustness of t he general armature. On the same specimen the spines increase in 
thickness and become much shorter toward the end of the ray, and they are subequal 
to or slightly larger than the ahaetinal spines. The series of combs is generally 
(piite regular. Below them is a well-defined, and in some specimens rather broad, 
intermarginal channel (showing large papular areas when dried). There is great 
variation due in part to the shrinkage of the specimen in alcohol and in part to the 
size of the gonads. Below this are two scries of inferomarginal spines and one of 
aetinal. 1 he latter extends a third or half the length of ray. These three series, 
or two distallv, have spines similar in form to the superomarginals but are a little 
stouter and longer. In some examples the first half dozen inferomarginal plates are 
inonacanthid. J lie terminal plate (quaintly termed the “eyelid’’ by Stimpson) is 
closely covered with stout clavate or subcapitate spinelets stouter than any others 
immediately adjacent. 

Adambulaeral plates typically diplaeanthid, except distallv where they are alter- 
nately diplacanthid and inonacanthid, or are mostly" inonacanthid. The spines are 
slender terete, with bluntly rounded tips. The inner or marginal is likely to be 
gently tapered, and slenderer than the outer, which is more often slightly clavate. 

1 he Robustness of both varies with that of the general spinulation and is subject to 
considerable variation. Hiere are two plates in contact on the interradial line ex- 
ternal to the oral plates. 1 lie first if conspicuously larger than the second. About 
or 24 plates correspond to the first 10 inferomarginals. 

T he oial plates are typical of Leptastenas , with one apical and one suboral spine 
to eiuh plate, the former about as long as the median suture, but neither especially 
diagnostic. The apical spine is usually tapered. Yerrill (1014, p. 149, fig. 7a) figures 
the mouth plates with two apical spines each, one behind the other. This is an 
aitistd mistake, as 1 have been unable to find such an arrangement in any of my' 
specimens, including four from the same locality at which YerriU's example was 
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taken cl.otwo.Mi lev l ’ape and Capo bi-hume . Tho spine marked .« i* the m.»„, ml. 

w Idle that IuI.oI.mI , is tho lirsl sul.iiinl.iilaor.il. 

M.notinal iiapulno arc arranpod in irregular trun-i er*o rows between the tr.m- 
u , N i|v amm-n. I -roups of spinor There i* a lou-itudiual supra.mirp.md --n.-s, .... 
intern,, ruin, d, an. I an aotinal. l ho lattor oMon.lina ala.ut half tho Icnptl. «.f tho rax . 
Although tlio margin .il an.l abactinal areas are lanre there aro relatively fow l»*pulae 

to an .iron 0110 to tliroo in ilto intermar-uials 

laii-o straight po.lioollariao noour vory ^parin-ly m tho intoniianriiial .-ha.im ! 
an.l in tho aotinal intorni.li.il el.a.uieK uu.l no aMoii.illy on tho latoral portion* of 
tho uhaotinal aro,.. Those aro compressed an.l thin, lanoonlato. ..onto, a* >oon from 
tlio side. an.l tho jaw* aro narrow as viowo.l from tho hack. } he U V> " 

hont, and crossed; or jaw U notol.od for tho acute opposing jaw. 1 In* tx po * 

found in la mo specimens. and, if at all in small ones, in tho axillary channel-. on > ; 
Karolv tho jaw is tridontato. Tho 1 almost of tin so podioollanao moasuro 0.x to 1. 
„„„. Smaller hut similarly formod onos aro found in olustors on tho ora. and o>* 
oft «<n on tho proximal furrow spinos; and still smallor onos, .... tho furrow fuoo of tho 

,l 'cnisso. \ ' , ie< U coll a ri ao of rathor characteristic LtpUisUrms form aro >paood, m 
circles. around tho al.aotinal spines, and form dense wreaths enc.rel.n- tlio m»rpn*l 
and aotinal spines fnot half-wreaths). and t lusters on the outer side of lu idam- 
hulaer.il spines. In some specimens the furrow spines are practically xMthout | ct - 
cell urine (station 32321 while in others from the same locality small olustors are 
present. In alcoholic specimens the podicellariae are much more conspicuous than in 
dried examples, and the marginal clusters are often in contact, especially distalh 
When the al.aotinal spinos are very small, as they sometimes are, o'PCC.ully ... s» al 
arctic examples, tl.ev are dillieul. to diirerei.t.ate from the pod, collar., ic, so that tin 
nl.actinal surface has the appearance of hci..p covered with a midt.tnde *'" n 
spinelets, as in Uevrinn. The dorsal pediooUar.ae of larpe examples in. asi.n 0 .1 
or 0.22 nun. (station 32321 to u.23 nun. (station 33001. 

Mad repo rio body fairly larpe. a little more than one-half r from until, an 

partlv nr rmnnlrti'ly en<‘in*li'il by spiin'U*l>. . i 

Voriatio The extremes of variation include an am.npeme.it of the aha, tnu, 

spinMots rhnrnrtoristir of Lf plastrrhs cribrari* i mi tho niio liaml mu o - ' ,r * 

on tho other. There are numerous specimens which if considered as .sola ed <•>'<"- 
miirh t he classili.nl as aberrant examples of either rrd.niroi or of .jrotnhunhtn. h, s 
are the intermediates. f . orir . , Klll((AltI v 

,. W e S, Fie, ires 1. M. 2. 2a; .Male 2,. Figures t.2. Hate 22. Figures 3. 1, 5; Hale 2., Figure 2 

The chief variations of forma crihnma nj.nsls) concern ehielly the sue 

number, and spaciim of the abactinal spinelets. and the rclat.u* m.mben* of hem 
which aro slender, olnvato, or subeapitate; the robust ness of the abactinal plat.*, 
nIl d the spaoinp of the transverse ridpes (for instance tho numhor ... the proxnna 
half of the rnv); tho numhor of suporo.narpinal spines: the rohustno** of .he marpina 
n„d aotinal spines; the ahundam pedicellnnae, both crowed and stniej.t. 
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The conditions of the abactimil area affect the. general appearance more pro* 
foundly than variations of other parts of tin* body. A decrease in the number of 
spinelets is generally accompanied by an increase in their size. A specimen from 
station 32") 2 with R 54 nun. (pi. 21, figs. 1, 2), has very small spinelets of diverse 
caliber, usually strongly davate and 0.4 or 0.5 nun. long. Twenty or twenty-five can 
be counted across the ray near the base. This example would be classed as typical 
cribraria. A specimen of precisely the same size from station 3506 has the spinelets 
about twice as robust — especially in the middle third of the transverse line — and there 
are about 10 to 15 between the two supermarginal series, near the base of ray. This 
might be classified as an aberrant groe aland tea , but is rather more like cribraria , 
although the spinelets are too thick. A cleaned specimen from this station shows that 
the skeleton is much stouter than usual, and as a result the skeletal meshes are nar- 
rower. In a somewhat similar specimen from station 3522 (pi. 22, fig. 3) the spine- 
lets are upwards of 1 mm. long mostly, subeapitate or heavily clavate, and two or 
three times thicker than in typical specimens. From station 3420, an example with 
R 50 mm. lias the spinelets mostly cylindrical, or else a trifle clavate in the earinal 
series, about 0.75 min. long, and well spaced, so that there are about 10 across the ray 
near base. These spinelets are in transverse series but they are not so small, so 
numerous, nor so close together as in typical cribraria. There is also an indication 
of longitudinal series; a considerable number of the supero and infero marginal plates 
are monacanthid, and the adambulaeral plates are irregularly monacantbid and 
diplaeanthid. This specimen, if considered alone, would be classified, hardly without 
question, as L. g rocnlandica. 

One feature which is common to slender spilled and stout spined forma cribraria 
and to the various modifications of forma grocnlavdica is the structure of the dorso- 
lateral skeleton, in which the transverse trabeculae are dominant, and leave a series 
of short hut very wide papular areas. These areas are as well developed in a typical 
specimen of groonlandica from the north of Asia (Stanford collection, No. 10, pi. 23, 
fig. 1) as in typical cribraria from Bering Sea, many of them reaching from the 
earinal to the superomarginal series of plates. 

Forma OROENI.ANDICA (L-jtkcn) 

Plate S, Figure 16, 1 c, 26, 3; Plate 2t, Figure 3; Plate 22, Figure 1, 2; Plate 23; Plate 24, Figure 1 

Forma groenlandica differs from cribraria chiefly in having fewer, larger, and 
moic w id eh spaced ahactinal spinelets, which as a consequence do not show such an 
obvious and definite arrangement in consecutive transverse combs. However, as 
there are all sorts of intergrades it is difficult to lay down any definite rule. An 
example of forma groenlandica from station 34S5 has the ahactinal spines in 
definite longiseries about 9 or 10 at the base of ray, and also in definite transverse 
series. There are usually only one or two superomarginal spines, while in cribraria 
then 1 aie three, or even four, and in some hut not all examples there are irregularlv 
one and two adambulaeral spines. I can not find any constant difference irT either 
sort of pedicellariae. 

I have no theory to offer in explanation of the wide variation in the species. 
It is strange, in view of the fact that the young arc carried by the mother, that there 
have not been dcveloucd in various parts of the circumpolar range— especially on the 
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southern margin — w^l I marked local races. But the specimens from Bering Son 
exhibit pretty much the entire gamut of structural variations. Both formno are 
found in the Aretie Ocean. Anion" the large number of specimens from station 
3252, Borin" Sea, all the largest examples are rofornhle to forma crUtnirin that is, 
all having K over 30 mm., while about half of tin* small examples are forma ijrotu- 
himlim or intermediate. In the list of specimens tin* forma found at each station is 
marked c for erihraria, (j for groenlnndien, and i for intermediate or “indifferent" 
forms. 



t>KVr.LOI‘KD TOt’Nrt ARK 9IIOWN IN Jill'. dl. I'URnl. «TOV 9, C. *N\M, m. MOCTU. 

LOOKING VCNTRALLT TUROt’GI! STOW Wll. ABOVE TU t U TH H SHOWN THK f >! t> JtrUUTISO TU K 
DORiUTROM VENTRAL 3TOM ACfl H X3 

Therejs a very characteristic feature of Bering Sea examples as compared with 
those from^Cireenland, Spitsbergen, ami Kara Sea. The former generally low e con- 
spicuous clusters of pedicellariae on the outer ndambulaeral spines, and frequently 
also smaller clusters on the furrow spines, although these may occur sporadically 
when the outer spines an* well armed. Rather of ton both <ets an* swell provided 
with pedicellariae which do not differ essentially from the abaetinal eroded pedicel- 
lariae, though sometimes n little larger. This characteristic seems roQvlntcd with 
a somewhat greater abundance of pedicellariae elsewhere on the body. 
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In Grot 1 n la nil, Spitzborgen, and lvnra Sea small examples the atlambulacral 
spines normally lurk pedicellariae (where in Bering Sea specimens the outer spines 
would have small clusters). In large specimens the outer spine of iliplaeanthid 
plates may carry a conspicuous cluster of pedirellariae, but uot the furrow spine. 
Only a few specimens are large however; most of them lack adambulacral spine 
petliccllariae, except sporadically. 

A considerable number of dwarf specimens are among those recorded in the list 
of localities, especially from Indian Point, Bering Strait (3582), Bering Strait (16591), 
and Plover Bay, 10 to 25 fathoms (16584). Duplicate specimens of the last two 
lots were examined by Verrill and are recorded (1914, p. 123) as L. arctica. The 
Plover Buy specimens nrC in poor condition. They are all small, with tumid rays 
and numerous short spinelets. Some of them carry eggs in the stomach, a habit so 
far as known, not characteristic of arctica . The adambulacral plates are mostly 
diplacanthid, and the marginal spines have complete rings of pedicellariae. The 
smallest specimen known to be carrying eggs has K only 12.5 mm., r 6 mm. 

Young. — Very small specimens have that generalized appearance which renders 
identification, in the absence of adults, extremely unreliable. It is difficult, in a 
species w hich breeds when small (R 1 2.5 mm.) to differentiate between real young and 
dwarfed specimens. There is a very real difference, in that the dwarfed specimens 
have more spines. They remind one of dwarfed trees that have managed to add new 
lings without much increase in size. Such are numerous small examples (some 
carrying eggs) from Plover Bay, Siberia, and two examples from Indian Point, Bering 
Strait, 17 fathoms (No. 3582), the largest of which has R only 13 mm., but which 
resembles an adult of forma cribraria in miniature. 

Undoubted young, with R 7 mm., have a 4-faced ra} r , with gently convex abacti- 
nal surface. The abactinal spinelets, five or six across the abaetinal area, already 
are arranged in transverse rows, with a pretty definite longitudinal arrangement, in 
about five series, in those specimens which are probably destined to become forma 
(jrocnlandica (station 3252). Of crossed pedicellariae there are a few abactinalty and a 
circle around the marginal spines; and of the straight a few along the edge of the fur- 
row. There is one scries of superomarginal, one of inferomarginal, and two of adam- 
bulacral spines. The abactinal plates, relative to width of rav, are very large and the 
papular areas small. A specimen with R 14 mm. has eight or nine spinelets across 
the ray near base, two infcroinarginals on distal half of ray, one to five crossed pedi- 
cellariae to each abaetinal spine, and fairly well developed marginal wreaths. The 
abactinal spines are quite regular, but T think the specimen was destined to become 
forma cnbraria. A breeding specimen of the same size (forma (jrocnlandica) from 
Bering Strait (No. 16591) diflers in having complete circles of crossed pedicellariae 
around the abactinal spinelets, mostly two superomarginal and two inferomarginal 
spines with thick wreaths of pedicellariae, and large straight pedicellariae on the 
axils of the rays. 

Anatomical notes . — As mentioned under variations there is a good deal of indi- 
Y idual difference in the abactinal skeleton which is of the very open, irregularly reticu- 
late type, a motorized by slender plates and on t lie rays by unusually short but 

broad meshes, one to throe of which intervene between the oarinal and superomarginal 
series. 1 he details arc scarcely twice alike. I he carinal plates are three or four 
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lohed and form a zigzag or sinuous series. The* supcioiiinrgiunU and inf<*romargimds 
are rather regularly four lohed, with longer dnrsoveut ml than longitudinal loin-. 
The dorsolateral skeleton is composed of irregular pinto?*, rodlike, oblong, spatulaie, 
straight, bent, or irregularly throe lohed, hut with the long axis transverse to the m\, 
oxeept in the ease of a few connecting plates between the consecutive costae In tl.e 
thiekness of these plates then* is a dilTerenee of fully 100 per eent between specimens 
from station 3252 and 3500, those from tin* latter having a hea\v skeleton with 
smaller meshes. 

The skeleton is not basically unlike that of other species, and eertainlv not 
greatly unlike that of L. m alien the type of the genus. The development of lurgo 
dorsolateral papular areas or meshes in the skeletal reticulum must he regarded rather 
as specific than generic, and is associated with the mostly transverse dorsolateral 
ossicles, which Yerrill believed to he of generic importance {t'tf nastfrios). 

Internal anatomy. — The testes have t ho usual Ia ptasU rins* form, and when fully 
developed fdl most of the eoelomie cavity of the disk and rays, impinging upon the 
stomach, and occupying all available space between the dorsal and ventral divisions. 
They press the hepatic eoeca against the dorsal body wall, and reach throe-fourths 
the length of ray measured on side. Each is roughly spindle-shaped, and consists 
of a central canal or axis, from which branch ofF a number of very irregularly lohnlated 
major divisions (usually toward the mesial line of ray) and numerous very irregular, 
subdivided, small lobes which fill in pretty much all the available space. The duet 
passes downward about opposite the first supermarginal pin to, and opens by a pa- 
pilla, on the aetinal surface, close to the interradinl line. There are usually, here, 
one to three large lanceolate straight pcdieollariac. The duet has ciliated epithelial 
lining (Lieberkind). 

The ovaries are very similar to those of other species of Lcptasterla as, a ret Ira. 
They were found to he full of large and small oocytes at the same time that the young, 
nearly ready to shift for themselves, were still being carried by the mother. 

Lieberkind found a specimen with nine ovaries, while the tip of tin* tenth was 
hermaphroditic, the eggs lying along the wall and the spermatozoa in the middle. 
(1020, fig. T p. 1 2*0 

The stomach is of the usual form, and very spin ions in tin* female by whom it is 
used ns a brood pouch. The intestinal coe< mil is rather triangular in general form 
with three thick lobes radiating from the base, the* whole* about one half i* in length. 
The hepatic eocen are* large and extend wed] toward the extremity of the ra\ . 

Care of the young . 1 *- — The* eggs nfte*r emerging from the oviducts, width open 
ventrnlly as in otheT species of Ia pta^-tena*, are probably kept for a .short time under 
the disk. It is usual fe>r species of Ja pta*t< tins to form a temporary uupo r\ by 
drawing the rays together and raising the disk. Fertilization probably takes place 
t\ bib* the eggs are' here. They are 1 hen taken into the* stomach, where* eh*\ elopment 
ensues. Specimens from Plover Bay, with short tumid ra\ s and with K eudy 12.5 
mm., are' already carrying eggs in the stomach Xo. 10581). These eggs are rela- 
tively very large, measuring 0.8 to I nun. in diaim ter. 

11 r »*l»CTkln<l. on n Stnrfl*h (A»t'ria» $*• * n/an.fira W IHt hr* t V u n O sa n c\ '■‘irrtrjV •' \ lr V V* . I 
Krnl’in'k imturh K« r* n . \ I 72, j* 122. He t, N vpmN . 1W20 
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In all of (ho other specimens at my disposal (stations 3251, 3252, 3506, 3541, 
Boring Strait, No. 6591) the young have reached an advanced stage. As Lieberkind 
writes, it is the ventral, eversible stomach which is used as a brood pouch. The 
number of young is in proportion to t lie size of the adult. In a specimen with R 
43 mm., 42 young were counted but in the specimen figured (R 47 mm.) there were 
probably 100, although they were not disturbed, or counted. As the egg develops 
it naturally increases in size until the stomach becomes greatly distended, and the 
walls in preserved specimens are cpiite thin. The young arc crowded into the radial 
pouches, and arc found also in the central portion over the mouth. I did not find 
them in the dorsal stomach, which confirms Licberkind’s observations, although 
“at times the number of the eggs or the young was so great that they protruded 
through the opening between the lower and upper part, forming a plug in the opening 
(perhaps, however, this may be due to contraction on preservation). 16 

The young are frequently oriented with the actinal side against the stomach wall 
and in some cases they may be seen through the tissue. In all the specimens except 
that from Bering Strait, the young are separated — that is, arc not joined to a central 
mass of tissue as figured for L. arctica. The larval organ, as a lappet of tissue, is 
still conspicuous, and arises from an interradius back of the mouth plates. In the 
Bering Strait specimen (No. 6591) however the young are not quite so advanced, and 
are anchored by a strand of tissue to a central mass, much as in L. arctica. 

In this case nearly half the young are outside the mouth, and the disk seems to 
he arched in a natural manner as if to form an external brood chamber. This speci- 
men is small (R 16 mm.) and it seems likely that it swallowed more eggs than there 
was subsequently room for after complete development. Most of the large speci- 
mens, known to he carrying young, have a few around the actinostome, although 
it is possible these were expelled by contraction of the rays during preservation, 
especially as the stomach in a few cases is partly extruded. 

I think however that during the later stages of development it is perfectly 
normal for the young to be extruded from the stomach. This might well take place 
for purposes of respiration, even if the actinal gastric space were sufficient to accom- 
modate the increase in bulk due to growth. Possibly during the whole course of 
development the eggs and embryos are given a periodic “airing.” 

As stated above, specimens carrying young were taken at stations 3251, June 14, 
1890, bottom temperature 37.5° F.; 3252, same date, bottom temperature 44.8° F. 
(probably an error); 3506, July 29, 1S93, bottom temperature, 32° F.; 3541, August 10, 
1893, bottom temperature 36.1° F.; and at Bering Strait, July 14, 1S79. The breed- 
ing season extends probably from May through August. On June 14 the young are 
large enough to leave the mother. The recorded temperature ranges from 32° to 
44. s I he first is usually low and the second unusually high for the locality, 
judging by records of the preceding and succeeding soundings. (Sec list of stations.) 
Thirty-six and thirty-seven degrees are probably near the optimum for successful 
development. 

My observations confirm those of Lieberkind in respect to the entire absence of 
food from the stomachs of all specimens carrying voun^. 


11 Su'-rtryk nf WDnsk. MM ], Fra Dansk. nnturh. Foren., vol. 72, p. 122. 
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What is there about the eggs and young tlnit inhibits t ho secretion of digestive 
fluids? 

Parasites . — ' Two specimens from station IVJ.VJ wer c found to lie infected by the 
curious nscotlionicid cirripede Dendrnyaxtt r possibly DendroyasUr asU ricoln . ,fl In one 
specimen with K *10 nun. were three of the parasites, tin* most symmetrical of which, 
ns seen from the side toward tin* netinal surface of the starlish, is shown in text Figure 
3u. The branches occupied two rays. The second parasite* was crowded into one 
ray, while the third oeeupieil the disk and t lie two remaining rays. The gonads of 
this sea star, n male, were very poorly developed although in norma) examples^tho 



FkjVRr 3. — A parasitic ciKRrrriiK. Df.sprooaster sfecifs, fk »m v specimen or I fpta^tf ri vs croenlvspi v 

.STATION 32T.2; PORSAL VIEW, X 2; 0, SIOMFlItS NORMALLY DEVELOPED C.UNAP; o'. OON VP RKPCCED IN SI7F. ff", 

CON* AD AtlSENT. A FORTIoN OF THE BODY W ULOFF^RVMU' IT VS DEFN REMOVED TO SHOW COST UN Ft> FO V. 

3fl. Vestrvl view or a denprvm, vster from V ^rinMIA O* r. C.ROFNt ASPIC V HAVINO THREE FA R V IT F •*, 

ST vl ION 3: r 2, x 2 

testes are very large. In the other specimen there was only one Pt udroynMcr, hut 
this was larger. (Text lig. ,*F) The gonads in this starfish are partly normal, and 

partly retarded. Seven testes are normal or nearly normal, ns marked ‘S/.*’ Those 

in the unoccupied ray seem to he quite ns large as in unparasitized specimens. Two 
gonads (in positions marked "#/'") an* reduced in si/.e, while the tenth (»/") is entirely 
absent, apparently because of the pr< ><utv exerted by a largo lobe of the Da droya^irr. 
The stomach and hepatic coecn of this specimen arc so crowded by the parasite that 

11 N KnipnwJlsch, Hlvur Jr .vetoner* nut . A Si Cft«rO »urtf. No s . !*•«) (O inSrr , pi '.3-1*7 S imm&ry p 374 Ilf t t 
Kfnnt AvcoihnnvcMn. Trriris Soc Nm. | a nfF»l*ni k. v l 23, 1^0. i*. lift 
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it is difficult to understand how anything like normal feeding could have been car- 
ried on. 

Of the four specimens of Dendroyaster , three are full of eggs, or very early em- 
bryos. The fourth (one of the three from a single host) contains myriads of Cypris 
larvae, rather poorly preserved. These were about ready to emerge. Presumably 
they reach the exterior through the papulae. 

Type locality Greenland. 

Distribution . — An arctic, circumpolar species. Von Hofsten (1915) gives a map, 
and summarizes the distribution as follows (p. GO): Spitzborgen; Siberian Ice-Sea to 
east of the New Siberian Islands; Kara Sea; Parents Sea; Murman Coast and White 
Sea; south, southeast, west and northwest coasts of Greenland; Ellesmere Land; 
Cumberland Gulf. East coast of North America: Labrador, Gulf of St. Lawrence, 
banks off Nova Scotia, Newfoundland, Bay of Fundy. He gives the bathymetrical 
distribution as from 5 to 150 meters. 

A. II. Clark (1920) records the species from Bernard Harbor, Northwest Terri- 
tories, 2 to 3 fathoms, and from west of Cockburn Point, Dolphin and Union Strait. 

The specimens listed below range from the Arctic Ocean (Point Franklin and 
between Capo Lisburne and Icy Cape) to the southern part of Bering Sea (Bristol 
Bay and north of Unimak Island), and to Kamchatka. The bathymetrical range is 
from 1)1 to 71 fathoms. Ludwig (1SSG) records the species from St. Matthew Island, 
and St. Laurence Bay, Siberia. 

Specimens examined . — Three hundred and twenty-nine. The letters signify: 
c, forma cribraria; g y forma gruenlandica; i, intermediates. 


Specimens of Lcptasterias groenlandica examined 


Sta- 

tion 

Locality 

Depth 

Nature of bottom 

Bottom 

temper- 

ature 

Num- 
ber 0 / 
speci- 
mens 

Remarks 



Fathomi 


°F. 



3251 

tiering Sea, 57° 35' 50" X., 104° 05' W 

25.5 

Fine grav sand 

37. 5 

e » 3 

U.S.X.M. 

3252 

Bering Sea, 57° 22' 20" N\, 164° 21' 40" W . 

29.5 

Black mud 

44.8 

« ® • 128 

U.S.N.M. (carrying 







young). 

3253 

Bering Sea, 57° 05' 50" N., 104° 27' 15" W. 

36 

Mud, sand 

35 

e q 2 

U.S.N.M. 

3254 

Bering Sea, 56° 50' X., 104° 27' 50" W 

46 

Green mud, sand 

36.2 

• 1 

Do. 

3255 

Beriug Sea, 50° 33' 30" N\, 104° 31' 40" W 

43 


37 

« 0 6 

Do. 

3256 

Bering Sea. 56° IS' X., 104° 34' 10" W 

19 

Green mud, black shells 

35 

e • 2 

Do. 

3300 

Bering Sea, 50° 5G' X., 172° 55' W 

71 

Green mud 

37. 9 

a 2 

Do. 

34 V) 

Bering Sea, 57° is' X., 172° 34" W . . 

62 

do 

37. 1 

9 l 

Do. 

3500 

Bering Sea. 57° 33' X., 105° 55' W 

36 

Gray sand, mud 

32 

« • • 12 

U.S.X.M. (carrying 







young). 

3507 

Boring Sea, 57° 43' U\, 101° 42' X . 

31 

Fine gray sand 

37.5 

‘ 1 

U.S.X.M. 

3520 

Bering Sea, 50° 28' X., 170° 57' W 

38 

Green mud, fine sand 

32.2 i 

* 1 

Do. 

3522 

Bering Sea. 57° 5V X., 170° 00' W 

41 

Coarse gray sand, gravel 

35.7 ! 

c o 

Do. 

3520 

Bering Sea. 58° 36' X., 172° 21' W 

56 

Oreen mud 

36. 1 

e 9 2 

Do. 

3530 

Bering Sea, 50° 30' X., 173° 53' W 

59 

Dark green mud, fine sand.. 

34.9 

9 3 

Do. 

3531 

Bering Sea. 59° 55' X., 174° 17' \\ ... 

59 

Oreen mud 

35.1 

* 2 

Do. 

3537 

Bering Sea, 51° 45' X., 169° 00' W 

49 

Fine gray sand 

3S 

9 2 

Do. 

3511 

Bering Sea. 50° 11' X., 104° 08' W 

49 

Black mud, fine sand 

36.1 

c • 16 

U.S.N.M. (carrying 

3512 

Bering Sea, mouth Bristol Bay 

49 

Dark mud, fine sand 

j 39.2 

« 1 

young). 

U.S.N.M. 


Point Frankliu, Arctic Ocem 

13.5 

Sand 


« 12 

Aug. 31, 83; part No. 


7625, with L. arc- 
ticn . 
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of Lrjttnxtt riatt grornlnwhvn tinmtnci <’i»t *inu«*«i 


Sta- 

tion 


1 h nity 


Icy C tp- Vi 1 < * »i* * l.»-hurne 


Arctic <>e> an.. 
1 >•» 


Do. .. . .. 

oil Point Cl ire ic', V.iAi 

Arctic ocean... 

ln<l in Po:n* # Berm* Stn.t 


Berm* S*rut. 
Do i 


Depth N Hun* *fl**»ooin 


Fathom * 

15 ’«* Mu 1 m 1 *m I 


a zr >:“5 

• urt% 


ivhlil * 


17 Ctriv.o 


Hi i r*s 


U II Dali. 12U. 
1214 (MZI) 

.North Pan Me «*i;*« il - 
U n. Captain Uo*l* 
Ken. No. 13G2 
North Pac tlccip^l - 
lion, No 134V 
No. 7<>2\ Po-nt U*r- 
r iw cijwil ti 
r *>5, V S It S Cor* 
wm, ivo. 

U . II Dill. K-j . 
3M2 (r* 7,. 

\\ m. Stlmjwon. I ~*7. 
Dr Itolit \\ h te, 
July 1 I. D7V ( P5 
Miuill. 2 with em- 
bryos in slomaco. 



Plover Hay. S her a 

15 20 

Kooky 

s 

357», ( 1 art . 


Do. 

10-23 


10 

U II I)all, 





(1720 hsSM. 


Awutaki H iv, Kin'chilki 



1 

No. IS'.?', N irth Pad 






llcoii*e*htion. Cap- 






tun Rudders (1 






arm only). 


Northwest of Horn* Strait. »>1® 5'’ N , 171® 

21 

Mudandchy 

* 2 

Stanton] Coll 


35' \V 





5ft 

71® 39* N., 157® 15' W 

10 

Brown Clay 

' 1 

Uikstnuseum, Stock- 






holm, \ e* \ Cip. 


R7® 07' N., 173® 21' K., Venn's w inter h.ar* 



, ( i 

Do 


Imr, Pitlekai. 





100M 

Ju5l north of Venn's winter harbor 

15 

Stoues w ith clay 

• 1 

Do. 

1042 

*W*5V N , 171® 35’ W 

21 

Sami, a little clayish 

« 2 

Do 


Port Clarence, Alaska 

4-0 

Stones 

1 

Do 

1053 

u5* M' N ., PS® 35*' W 

2J 

Sand, small Slones 

* 1 

Do. 

1054 

*5® BY N , l«4® 54/ u 

25 

Mu-J 

• l 

Do. 

J0»> 

ft2* yf N . 177® QV W 

55 

Clay 

• ' ’ 1 

Do 


Greenland Oolhuvn 

1 *H 4 ) 



K.ks:intf» urn. St-»ck- 






holm, \r»un l«u 



15 30 


» l 

Uiksiumvtim. Slock* 






! hilm, •» Tarrll. 


Greenland, northwest of C »j*e York 

1* .5 



5 

K , k'iinise*im, > ock* 






In lm, S »Mo ♦ ip. 


Kara Sea. 71® 51’ N\, f*7* 37* K 

21 



... . D 

H.kS* U5CI1ID. St ick- 






hol" .N »\ a /e * t ‘ \ 






e\i*«* 1*1 on 


Jmror Str ut, off Kara Sta . . 

5 ' 

Mu 1, st. >. 

15 

K K$t«u um. *W* 






h-»H* ( \ i ft i i ip. 


'piUtcr*in, Shoal Po -t 

25 ) 



4 

It k-s* •mm. , 'tia%- 






lm ni. >i ti! -ri. n 






o 1 1 K* 1>( n, J^»l 


Spitihf r*en, TrourenUr* Hay. . 

f tjo 

at ties. 

ft 

Do 

41 

Prcobrt ch# n ie 1 land. m uth of Khal- 

* 

.10 

. . O 

K k»nut u . v *. 


*n*i Ha> , S Vru (113 3*r* K l>n* 




1 »lm. \ * «. i e\p. 


i Kwn I— -I t»> \ .rr i« 1 *■• I i« /. { 12 
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He marls. I have not been successful in discovering any constant characters 17 
by which Stimpson’s cribraria can be separated from the earlier groenlandica of 
Ltitken or the later Spitsbergen sis of Danielssen and Koren. The last two species arc 
considered the same by Doderlein, 18 Grieg, 19 and von Hofsten (1915, p. 59). Yerrill 
at first united groenlandica and cribraria (1909, p. 553) but later (1914) kept them 
separate. In t lie latter work he compares cribraria with spitzbergensis and concludes 
that they are “identical but variable. M Professor VcrrilPs material was not abundant, 
much of it consisting of depauperate and young specimens. With a large series at 
his disposal 1 feel sure that he would have adhered to his first decision. 

Mortonscn at first considered miilleri and groenlandica to he varieties of the same 
species, lie says: 20 “Though a typical A. groenlandica. as to habitus differs very much 
from a typical A. miilleri , especially of the var. islandica Levinsen, there is evidently 
not a single character to be relied upon by which they may be distinguished. I think 
we must then conclude that they can not be maintained as two distinct species. The 
form groenlandica must be regarded as a more or less distinct variety of A. miilleri ” 
In his latest publication, however, he definitely separates the two species. 21 

Von Hofsten (1915, p. 59) adopts a middle course and classifies groenlandica as 
an arctic subspecies of the boreal miilleri. 

Light is thrown upon the question by a comparison of breeding habits. Accord- 
ing to Sars, 22 L. miilleri broods its young under the disk in a cavity formed by the 
rays. In groenlandica the eggs and developing young are carried in the stomach. 
It is inconceivable that the same species would develop two such fundamentally 
different modes of earing for the you ng. 

L. aretica , the Bering Sea equivalent of miilleri , is perfectly distinct in every way 
from L. groenlandica. 

Leptasterias obtecta Vcrrill (1914, p. 144) is referable to groenlandica. I have 
examined the type, No. 1208, Museum of Comparative Zoologjb 12 miles east of 
King’s Island, Bering Sea, 17 fathoms. The specimen is characterized by slender 
spinelets very numerous crossed pedieellariae, and smaller than typical dorsolateral 
papular areas. The skeleton of one ray was cleaned. It is not essentially different 
from forma cribraria with the exception that on the proximal two-thirds of the ray 
the transversely elongated papular areas adjacent to superomarginal plates are not so 
broad as is usually the ease in cribraria. Between the mesial ends of these meshes 
and the irregular series of carinal plates are one or two irregular, very distinctly 
smaller, papular areas. r l he supramarginal skeletal meshes are therefore larger than 
the others and wider than long in most eases. The adambulacral plates of the 
proximal half of ray are diplacanthid ; those of the distal half alternately monacanthid 
and diplacanthid. 1 he Henricia-like appearance of the dorsal surface is due to the 
numerous crossed pedieellariae wliich on account of the slenderness of the abactinal 


I 1 lie> on ^ tangil rle diilertDce is that of the adambulacral spine pedieellariae of both forma cribraria and forma groenlandica 
of tlif Bering Sea region, as noted under Variations. In large Greenland examples these \ edicellarinc are present, and they are 
sometimes very scanty lu small Bering S<*a examples. 

II Die Kchinoder- on der Olga Expedition. W|v S . Mecrosunt, row sir . vol. 4 , Abt. Uc-lcol. 1000. 

“ Report of the S >nd Norwegian Arctic 1-Ape imon m the ** Fram ' KVJS-BJ02. x 0 . 13 Echincdermata, 1907, p. 13. 

** Kchlnmlerms from Kn.st Greenland. Med lei. om Grdnhind, vol. C9, 1903, p. 70. 

11 Eeblnodenn* of the lUit^h Ish*s 1927, p. M3. 

,J taunn lit torn! is Xorvcgrao, I Lief., 1M*;, p. . r S. Morteuscn Echinoderms of the British Isles, 1927, p. 142. 
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spinelets appear to bo rolati\oly larger than they actually tin* w lion compared directly 
with podieellariao of typical forum cribrarhi. A podbvlluria attached to a slender 
ppinclct has the appearance of being larger than when attached to a ^pinelet 50 to 100 
per cent thicker. 

!.i:i*TAST Kit! AS OniOTI.NSIS iHrandti 

Plate 12; Plate 27; Plan* 2> 

Asteracar tfuum ochott ; sr Hkandt, .Midtlei cl rIT\ K« • in dm .i i- N »r 1» n m d ( > t « n 

Siltirirli.s, \rl. 2 V pi. 2, t v 51, p. 2V A! o v:*r. i arrob acKttt at *1 \ur. brae* ^b^ nr A a 

AxUria.iortMtr.sii PhltltlLK, I\ di«*» llniro, IW.I. 

Lrptast* rum ocbottnsti Kimikk, Hull. V. 8. Nat. .Mv> , 7i», I I. 2. It*2\ p. 1. 

The specimens upon which the following account is based are a part of Brandt's 
original material. Doctor Mortensen kindly loaned a dried example received by 
the Copenhagen Museum in 1871 and furnished photographs of another .specimen 
representing Brandt's variety “ mticrobrachhi." (PI. 2s, figs. 2, 3.) Later, Dr. A. 
Djakonov, of the Academy of Sciences, Leningrad, sent four specimens in alcohol 
which are of particular value, since it is possible to determine that the gonads open 
ventrnlly. Tile largest of these examples in size and detail is closely >imilar to 
Plato 28, Figure 2. Doctor Djakonov writes that the museum posse»es two jars 
with many alcoholic specimens and some dried ones all labeled by Brandt himself. 
No actual type appears to have been indicated. I am specially indebted to Doctor 
Djakonov for the donation of this mnbrinl, which is now in the United StaDs 
National Museum. Aside from its scientific value it possesses great hi>torie interest 
for anyone concerned with the zoology of the north Pacific. 

Diar/iuxis . — Kays live; K -40 mm., r !) mm. K 4.4 r. (R 3' 6 to 5 r, Brandt); 
breadth of ray at base, ltl-11 mm. Ahactinal spines small: well-spaced, cylindrical 
or clftvute (with a differentiated irregular carinal series) interspersed with abundant 
triangular straight pcdicollariae; ray normally rounded, the marginals close together 
mid lateral in position; a single scries of supermarginal (proximally sometimes 
two), inferomnrginal, and actiual spines larger than the nlmetinals, and forming a 
bristling lateral and ventrolateral armature: superomarginal and inferomnrginal 
plates of adult specimens connected in series by a smaller intermediate ossicle; 
adainbulaeral plates with proximally two, then one (or with alternately one and two) 
spines; abundant lateral and aetiiml straight pedicellnriac. 

Description . — The ahactinal surface of the disk and rays is besot with small 
cylindrical or elnvnte, minutely thorny and usually terminally grooved spinelets of 
divers sizes, varying from about 0.5 to 0.7 mm. in length by 0.3 to 0 4 mm. in 
breadth. Smaller spinelets measuring 0.35 to 0.5 mm. long by about 0.1 mm. in 
thickness are much less numerous, and are found toward the end of the ray, or one 
or two may accompany the coarse spinelets. (PI. 12, ligs. 3 and 4.) The spines 
are fairly well spaced, varying in this respect as shown by the figures, and the carinal 
scries is differentiated as an irregular lino. As in most forms of LspUistfria* the 
dorsal spines increase in length from the carinals toward the superomarginuls. 

Ahactinal skeleton (pi. 12, fig. 0) nn irregular, open, reticulum, the primary 
irregularly throe and four Inbod plates being connected by elongate intermediate 

ossicles. 
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Supermarginal sorit-s turns upward near base of ray leaching the abactinal 
riul of the interbraehial or axillary sinus; beyond middle of ray intcrmarginul elian- 
nel is narrow. Except sometimes at base of ray, most of the superomarginals alter- 
nate with a secondary ossicle (pi. 12. tig. 9) which persists for about three-fourths 
the length of ray. A similar ossicle is present, but less regularly, between the 
infiToninrginal plates, 1 hey are present probably onl\ m iull\ adult animals since 
none are present in a specimen with K 27 mm. 

There is generally but one superoinarginal spine to a plate, cylindrical and 
slightly tapered, of the general form of the slenderer infcroinarginal spines, but a 
little shorter. There is a single series of stout infcroinarginal spines, decidedly 
more robust than the superomarginals, and a single series of similar actinal spines 
which extends about half the length of the ray. The spines of these two series are 
1.5 to 1.6 mm. long, robust, cylindrical, slightly tapered as a rule, and round-tipped. 

The adambulacrnl plates are diplaeunthid at the base of the ray, then mona- 
caiitliid but with the spine alternately on the furrow margin and set slightly back. 
In the largest specimen sent by Doctor Djakonov the spines alternate fairly regu- 
larly one and two as described bv Brandt (R 40 linn.). The spines are about 1.5 
mm. long, slender, terete, round-tipped, sometimes slightly tapered. The first and 
second pairs of adamlmlacral plates are in contact interradially, or the second pair 
simply touch; the first plate is conspicuously longer than the second. The first 
three arc nionacanthid. 

The mouth plates arc rather short and broad, the length of the median suture 
being less than, that of the first two pairs of adambulacrals. There are two apical 
and one suboral spine, the latter a little longer and stouter than the first few adain- 
bulacral spines. (PI. 12, fig. 10.) 

Straight pcdieellariac of a characteristic subtriangular form arc very abundant 
among the abactinal spines, in the intermarginal furrow, aetinally, and along the 
furrow face of the adambulacral plates. They are less numerous on the oral and 
adamlmlacral spines. The abactinal vary in size from 0.22 to 0.4 mm. in length 
and occur on the surface of the plates between the spines, the largest being in the 
neighborhood of the marginal plates. The lateral (intermarginal) arc 0.5 or 0.6 
mm. long, while the largest axial ones are 0.7 nun. long by 0.5 mm. broad at the 
base. The adambulacral are 0.25 to 0.3 mm., and the largest oral 0.4 and 0.5 mm. 
long. (PI. 12, figs, 5, 6, 7.) 

Crossed pcdieellariac occur in circles around the dorsal and superoinarginal 
spines, and in clusters on the outer side of the infcroinarginal, actinal, and adam- 
bulaeral spines. They are apparently not very abundant abactinally. The abac- 
tinal pcdieellariac are 0.22 to 0.25 mm. long, the terminal toothed part being about 
0.055 to 0.0S mm long. The adambulacral are 0.2G to 0.2S mm. long, while the 
terminal toothed part, in profile, is 0.12 to 0.15 mm. long. The difference in the 
two sorts is shown on Plate 12, figures 1 and 2. 

Madreporic plate convex, surrounded by a circle of spines, and located at 
mid r. The striae are coarse and irregular. 

Papulae few to an area, and similar to those of other small Lfptastcrias. 

The ovaries of the specimen examined are compact, with subglobose lobules 
containing relatively large ova. The duet is attached to the interbraehial septum 
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on a level with the nearest inferomurgina) plate. It pa--**- Ih tween two dor*o- 
latcndly oriented plates of the septum, turns abruptly downward and run be followed 
to thr \ on tral integument . With the spooimon undrr water and in ^iinli<rli t tlir 
external aporturo is readily deiimnM rated. In each inlorradius (wo aportuns lie 
oloso together noar tho outer end of the third adamluilaeral, eonsecpientlv in tin* 
narrow angle just external to the arloral earina. Near the apertures are hmtuI 
conspicuous straight podieollariae, such as Plate 12, Figure 3. 

('olor in life. The dorsal surface varies from dirty bluish red. or reddish 1 r«»wn 
with orange to yellow-brown-red and sometimes even green to dull gra>s green. 
Actinnl surface always vermilion, the tube-feet llesli color Brandt . 

Type. — Brandt's material is in the Museum of tin* Academy of Sciences 
Leningrad. 

Type locality. Okhotsk Sea (Shunt ir Blands, Tugur Bay, Aehae Island: 
Mamtseba Bay). 

Distribution.— Okhotsk Sen. 

Specimens' (saminetl . — A dried specimen labeled Mamtseba Bay, Zoological 
Museum, Copenhagen. (PI. 27.) 

Four alcoholic specimens determined by Brandt, labeled “Mare Ochntcnse, Coll. 
Middendorf M (Museum Acad. Sei. C. K. S. S. Nos. 1327. 133-H. 

Remarks. — So far as known this species i> conlincd to the Sea of Okhotsk. How- 
ever, 11. L. Clark lias described a very similar form, Asterias similispinis n from 
Taraku Island, near Nemuro, Hokkaido. 1 have examined one of the six original 
specimens (No. 1 0G4 , Mils. Comp. Zobl.), tin* largest of which has R only 23 mm. 
(R=5 r). In the available specimen (R 22 mm.) the secondary marginal ossicle* are 
not present. Neither are they present in small oclaftcnsls. Tin* rays are a little more 
robust, than in ochotensis of similar size and the straight pedicellariae average smaller 
but are of tin* same triangular shape. Most of the marginal and actinnl plates carry 
one spine. The gonads, although dried, indicate that the species is a L< ptashrias. 

Until a good series of Clark's species can be examined and it* status definitely 
determined, 1 suggest calling it Leptasterias nchoteusis similispinis 

Submenus Hexasterias, t.cw 

Leptasterias polaris group; symmetry hexamerous; size small or large. Type 
Le ptasterins polaris (Midler and Trosehel) Fisher. North Pacific, Arctic, North 
Atlantic. 

Includes the following species: aopmlis (Stimpson), ala^ker is (Verrill), 

alaskensis asiatica Fisher, alaskensis mnltispina Fisher, ale utica Fisher, a^teint FUh< r, 
cotntschntica (Brandt), camtsrhntica i lispar Verrill, con' Verrill, coei huculcuta Fi<her, 
hejraetis (Stimpson), A e.raetis Vancouver! (Perrier), hptodonai Fisher, polaris (Muller and 
Trosehel), polaris aecrcata (Stimpson), polaris kathcrinae (Gray), jmlaris boreal's 
(Perrier), pusilla Fislier. 

** Hull. Mus. Comp. v <). ai, N’o. II, p. 
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POLARIS SECTION 

M:j*TASTKK 1AS POLARIS (M tiller ami Troschel) 

Plato 30, Figures I, la lr, 2, 2a-2</; Plate 32, Figures 3, 3a; Plate 35 

Astcracanthinjt polar in MCller and Trorchkl, System dcr Astcridcn, 1S42, p. 1G. 

Astcrias pularii Stimpson, Proe. Boston Soe. Nat. Ilist., vol, S, 18G2, p. 271. 

Leptasterias polaris Fisher, Ann. and Mag. Nat. llist., ser. S, vot. 12, 1023, p. 509. 

On the Atlantic side of North America Leptasterias polaris ranges from Disco 
Island, on the west coast of Greenland, south to the Gulf of St. Lawrence (Anticosti 
Island and Gasp6 Peninsula), and the fishing banks off Nova Scotia. It extends into 
Hudson Bay. Although no specimens have been taken between Hudson Bay and a 
point east of Cape Lisburne, Alaska, there can be little doubt regarding the continuity 
of its range. 

In the Arctic Ocean north of Bering Strait, in Bering Sea, and in the north Pacific 
just south of the Alaska Peninsula, a polymorphic race of polaris is in an extreme 
state of flux. It is represented by at least three well-marked forms, two of which have 
been described as distinct species. This race is L. polaris accrvaia , which takes its 
name from the earliest described of its formac. We appear to have here three species 
in the process of evolution. L. Icatherinae Gray, from the mouth of the Columbia 
and Straits of Georgia, is a more stabilized form apparently derived from the an- 
cestors of the Bering Sea complex. It greatly resembles L. polaris borealis (Perrier) 
of Labrador. These two races arc not genetically so close as their similarity would 
indicate, if they are each marginal differentiations, geographically widely separated, 
of an arctic and sub-arctic species (polo ris-acervata) . A possible alternative expla- 
nation would be that A. polaris hitherinae and L. polaris borealis represent isolated 
segments of a preglacial species having a continuous distribution by way of a formerly 
warmer Arctic Ocean. With the advent of a colder era the arctic segment of the 
species became changed, leaving less modified and nearer the ancestral form that 
portion of the species which dwells in the warmer waters of either side of the continent. 

L. A -atherinae is apparently nearest to forma aphelonota , the only one of the three 
phases of L. polaris ucervala to be found at the south of the Alaska Peninsula. Else- 
where 1 have mentioned the possible duplicate origin of the specimens classified in 
this forma. Typical aphelonota may represent a geographic race, an offshoot of 
acerrata to the south of the Alaskan Peninsula. 

L. coei Yon-ill is probably an ancient derivative of polaris stock. Indeed, one may 
go further and assign a common origin to all the North Pacific G-rayed species of 
Leptasterias. 

Since the type specimen of Asteracanthion polaris Muller and Troschel came from 
Greenland, the Greenland race is naturally the substructure for taxonomic elaboration. 
There are two fairly well-marked formac of this race: One, forma polaris , has the 
spinelets fairly uniform in length, without evident aggregation into convex groups. 
Sometimes the spinelets arc fairly well spaced; sometimes crowded. In the other 
and apparently less common variety, forma subaeervata , new forma, there are a vari- 
able number of convex groups of somewhat enlarged spines. This is the biological 
equivalent, in polaris , of forma acermta in L. acervata. Similarly forma polaris is 
an equivalent of aphelonota. Both subaeervata and polaris are present among Disco 
Island specimens. 
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I'or purposes of geographic analysis, Perrier’s Asterias borealis from Caribou 
Island, Labrador (pi. 35, fig, 3), can bo retained to designate the southern race of 
Atlantic polaris. Perrier’s specimen was derived from the Museum of Comparative 
Zoology, which still possesses topotypes (No. 1307). It is doubtful, however, if this 
race is of any practical value, for its dilfereiitiation is based upon slight diirerenees 
in pedicellariae. In the crossed pedicellariac as seen from the side (pi. 30, figs, 2, 2a- 
2d) the terminal lip docs not extend so far down on the shank in the southern as in 
northern examples. A similar latitudinal variation is apparent in L. polaris acerrata 
and L. polaris hitherinac. The specimens from the very cold area of the Grand Banks 
are intermediate between polaris and borealis , but a giant specimen from Western 
Bank (resembling the type of L. acerrata forma aphelonota) lias pedicellariae of bore- 
alis. (PI. 30, fig. 2.) 

Among the specimens of L. polaris borealis , one from Caribou Island and one 
from Gasp<5, Quebec (M. C\ Z., Nos.; 1307, 130S, pi. 35, figs. 1,2), are remarkable for 
having longer and more widely spaced spines. In the Gaspl example (K 150 mm.) 
the spines are conical, 3 to 4 mm. long, spaced their length or more apart, and along 
the radial line sometimes aggregated in groups, of which the central is largest. Other 
specimens have well spaced but shorter and subcapitate spines. It is these latter 
that resemble L. katherinae; while the Gaspd example would correspond to a poorly 
developed L. coei . 

To summarize, the following divisions of L. polaris are recognizable: 

L. polaris polaris , high arctic waters of eastern North America. 

L. polaris borealis, n very slightly differentiated southern form of the above. 

L. polaris acerrata , Arctic Ocean, Bering Sea, and region immediately south of 
Alaska Peninsula. 

L. polaris katherinae , ofT Washington, probably intergrading with above. 

Verrill discarded the name polaris since the combination Asterias polaris (Muller 
and Trosehcl), 1S42, was antedated by Asterias polaris Sabine, 1S24 (for Ctcnodiscus 
crispatas). Muller and Trosehcl, however, described the species as Asteraeanthion 
polaris. On account of the structure of its gonads, which open ventraily, polaris is 
more naturally classified in Leptasterias. The specific name polaris is therefore ten- 
able, so long as it is not combined with Asterias. 

Specimens of Leptasterias polaris examined 


Num* 

l,ocnllty Depth Nature ot bottom Collection 

mens 


Fathom) 

C» ml ha vn. Disco Island, Greenland .. ... ... 

Disco, Or (inland 27 Clay 

Davis Stmit, W 47' .V, 52* 20' W 35 Shells 

West Greenland (Omenak) 30-40 Slones 

Weal Greenland (Hlllenbcnk) .... 35 Clay 

Went Greenland (Gothaab) • 10O ail 

Oodha\n, I>lsco Island, Greenland .... .. 

Greenland 

Davis Strait 40 . ... ..... 


Hudson Ray (Ca[** Churchill) .... 

Hudson Bay (Richmond OulD-.- ..... .... 15 


1 I spec meo. 

H31 no— 30 


4 Uiksmuseum. Stockholm. 

1 Do. 

1 Do 

I Do 

1 l>o 

4 Do. 

5 l T 3.NM,|WS. 

rt l T .S N M , ISSlfl; l)ovr(«U etpM lloo 
Doctor Bftvjr. 

I l T S.N.M., lsxJ4. N I* Scsidder. 

I l S N M . 3VR2, K. A Preble 

1 I T S N M , ¥ iohansen 
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Specimens of Leptasterias polaris borealis exarnined 


locality 

Depth 

Nature of bottom 

Num- 
ber of 
speci- 
mens 

Collection 


Fathoms 





1 


1 

U.S.N.M ., 19627. 




2 

U.S.N.M., 8834, W. A. Stearns. 

Una 1 lofhcif 1 .nhrudnr 

20 | 

Rocks 

l 

U.S.N.M , 36964, Owen Bryant. 

Bonne Esperance, Esquimaux Bay, Labrador. 



2 

U.S.N.M., 5835, W. A. Stearns. 




2 

U.S.N.M., 16S13, 1.376. 




2 

Mus. Comp. Zool., 1307; topotypes. 

flocnA Oiii'brr «. » „ ..... 



1 

Mus. Comp. Zool., 130S. 




2 

U.S.N.M., 31922. 

Orand Rank^ ypwfftiinrilftnd 



1 

U.S.N.M., 15814. 

Kdpo of Ci rand Bank*' 

200 


I 

U.S.N.M., 24503. 

Western Hank....... ..... 



I 2 

U.S.N.M'., 14339. 

OtI Cape Race, Newfoundland 

30 

Pebbly - 

1 

U.S.N.M., Owen Bryant. 

Onind Banks, Newfoundland, 40° 13' N. P 

59 

Stone and shells... 

1 

Riksmuseum, Stockholm. 

51° 4f/ W. 





Orand Banks, Newfoundland, 47° 20' N., 

91 

Small stones, mud. 

1 

Do. 

52° 29' W . 





Orand Banks, Newfoundland, 45° 53' X., 

50 

Small stones. 

4 juv. 

Do. 

51° 56' W. 


shells. 



Station 2403, otJ Newfoundland, 45° 44' X., 

45 

Broken shells 30°.. 

1 

U.S.N.M., 11177. 

54° 27' W. 





Station 2495, ©IT Nova Scotia, 44° 10' N., 

44 

Hard, 32°.. 

1 

U.S.N.M., 11430. 

59° 23' 45" W. 






LEPTASTERIAS POLARIS ACERVATA (Slmipson) 

Plate 30, Figures 3-5; Plate 31; Plate 32, Figures 1, 2; Plate 33, Figure 7; Plate 36, Figures 2, 3; 

Plates 37-40 

Astirias accrvata Stimpson, Proc. Boston Soc. Nat. Hist., vol. 8, 1862, p. 271. Bell, Proc. 
Zool. Soc. London, 1 SSI , p. 494. — Murdoch, Rep. Int. Polar Exp. Point Barrow, 1885, 
p. 15S. — Ludwig, Zool. Jahrb. 1S86, p. 2S7. — Sladen, Challenger Asteroidea, 1SS9, 
p. SIS. — Verrill, Shallow-water Starfishes, 1914, p. 107, pi. 27, figs. 1, 2 (not pi. 106, 
fig. 3 = dispar.). 

A. polaris var. acervata Verrill, Anier. Nat., vol. 43, 1909, p. 545. 

Astcrias polythcla Verrill, Amer. Journ. Sci., vol. 28, 1909, p. 6S; 1914, p. 104, pi. 55, figs. 
1, 2; pi. 70, fig. 8; pi. 72, fig. 2; pi. S4, figs 3, 4; pi. 79, figs. l-2a. — A. H. Clark. Rep. 
Canadian Arctic Exp., 1913 1918, 1920, p. Sc (Port Clarence). 

Astcrias philippii Bell, Proc. Zool. Soc., 1881, p. 511, pi. 47, figs. 1, la. See Fisher, Ann. 

and Mag. Nat. Hist. Ser. 9, vol. 18, 1926, p. 19S. 

Stenastcrias macropora , A. 11. Clark, Rep. Canadian Arctic Exp. 1920, p. 9c (Port Clarence). 
Astirias acervata borealis , A. II. Clark, Rep. Canadian Arctic Exp., 1920, p. Sc (E. of Cape 
Lisburne). 

Leptasterias polaris acervata Fisher, Ann. and Mag. Nat. Hist., scr. 9, vol. 12, 1923, p. 599. 

This name is intended to designate the polymorphic representative of L. polaris 
which inhabits Bering Sea and adjacent parts of the Arctic Ocean and north Pacific. 
A “composite diagnosis’’ covering nil of its phases is of no practical value since the 
race does not exist as a composite but in the guise of three major formae which inter- 
grade. These formae are: aphelonota Fisher, acervata Stimpson, and poh/thela Verrill. 

The race as a whole diflers from L. polaris polaris of West Greenland waters in 
this accentuated polymorphism (one phase of which, polythela , is not represented 
east of Alaska) and in the larger size of the straight pcdiccllariae. 
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In the order of (hair degree of cl ilforon t in t ion from typical paleirix, the formac 
stand as follows: 

1. Ahactinal spines small, close-set, of nearly nniforni size, without regularity of 
arrangement and without any trace of aggregation into convex groups aphelonotn. 

2. Ahactinal surface with a variable number of convex groups of spines (often 
in three ill-delined longiseries), the subcentral spine of the group usually larger than 
the others — ace r rata. 

3. Almctinnl surface with large, conical or acorn-shaped spino, typically soli- 
tary, in twos or occasionally larger groups, arising abruptly from an irregularly 
reticulate spinulntion of small, capitate, unequal spinelets — pohjthela. 

The type of Lcptastcrias polaria acemita is No. 1330, L T . S. National Museum, 
Bering Strait, clean gravelly bottoms, 5 to lf> fathoms. (Further details under forma 
accrrata.) 

Forma AlMI FLONOTA, new formii 

Plate* 31, Figures 2, 2a 2c, 3, 3rz, 36, 4; Plate 32, Figure t, ta 16; Plate .33, Figures 7, 7a 7c. 

Plate 30, Figures 2, 3 

This forma is based upon a giant specimen from station 2S50, ofr the Shumngin 
Islands, 21 fathoms, which has the following characters: R 24o mm., r 41 mm., 
r-t) r; breadth of ray at base *13 mm. Kays long, rather slender evenly tapered to 
the pointed extremity; rays constricted at base; disk rather small; interbrachiul 
sulcus hidden by contiguous sides of adjacent rays; ahactinal surface of rays veil 
arched, closely studded with small, bluntly pointed or obtuse spines of pretty uni- 
form length, arranged in loose groups of two or three to eight, corresponding to the 
size of the underlying plate; papular areas small; ahactinal plates very numerous 
closely and irregularly reticulated; superomarginnl spines in vertical combs or 
groups of three to six, usually four, to a plate; iuferomarginal spines two or three to 
a plate, conspicuously longer and heavier than the superouinrginals, which in turn 
are slightly longer than the dorsolaterals; two series of netinals, similar to infero- 
marginals; ndnnibulacral plates diplacnnthid ; dermal straight pedicellnriae sub- 
conical to broadly wedge-shaped with live teeth similar in general appearance to 
those of acerraia. 

Description . — -The well-arched ahactinal surface is closely beset with uniformly 
small spines of nearly equal length but of unequal thickness, arranged without any 
order, in loose groups, running into one another, and inclosing relatively very smnll 
papular areas. Reference to a cleaned ray shows that these groups correspond to 
the larger, primary, ahactinal plates, which carry five to seven spines, while the 
smaller intermediate plates carry one to three. The spines are therefore arranged 
in a close reticulum but this is masked by the very numerous ahactinal plates, the 
smallness of the meshes of the skeleton, their irregularity, and by the fact that t he 
spines arc in groups, not in single file. The spines vary considerably in form, but are 
usually cylindrical at the base with a slightly swollen, tapered, coarsely sulcated, 
bluntly pointed or round tipped end. Others, especially on the disk and sides of 
the rav are rather more elongate and more pointed than the majority from the median 
radial area of the ray; and on the outer third of the radial area the spines are blunter 
than they are pmximally. Here and there a spine is perhaps a third longer and 
considerably thicker than the average which are 2 to 2.f» mm. long and 1 mm. thick. 
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The smaller spines are. about l .5 nun. long by 0.5 or 0.6 mm. thick varying with their 
position on disk and ray. 

Supermarginal plates rather low on the side of ray. Supermarginal spines a 
little longer than the dorsolaterals and intermediate between these and the infcro- 
marginals which are decidedly stouter and longer. The supero marginals form a 
vertical comb, or sometimes a group of three to five (occasionally six) to a plate the 
median generally the largest. Their general form is elavate with a tapered, blunt, 
sometimes compressed end, and the distal spines arc faintly suleated. The proximal 
spines are sometimes “eroded” having a flattened area on the upper (and under) 
side, converging, in some cases, into a sort of shallow groove on the distal part of 
the spine. There is no well defined supramarginal channel although the series of 
papular areas is here more regular on account of the regular series of supermarginal 
plates. Intermarginal channel practically non-existent owing to the relatively small 
size of the intcrinarginal papular areas and the heavy wreaths of pedicellariae which 
pretty well fill up the channel. 

Inferomarginal spines conspicuously longer and stouter than the superomarginals, 
two or three to a plate, elavate, more or less compressed, blunt to subtruncate and 
frequently with definite eroded or sunken areas on the upper side of the spine. The 
spines stand in an oblique series of two or a group of three. 

There are two series of aetinal plates with a rudimentary third series at the base 
of some of the rays. The spines, one or two to a plate, are very similar to the infero- 
marginals, even a little heavier near the base of ray and some are quite definitely 
subspatulate and truncate. The outer side is slightly concave as in the case of the 
infcromarginals, this taking the form of a groove or of a sunken area. The whole 
aetinal surface has a very bristling appearance, and one may count from the upper 
edge of the superomarginals to the adambulacral spines eight or nine spines, or in 
exceptional instances one or two more. 

Adambulacral plates diplaeanthid, and as is usual in such cases the slender furrow 
spine of alternate plates stands further into the furrow than the stouter inner spine 
of the intervening plate. In effect, the armature of alternate plates is set a little 
more toward the outer edge of the plate. The spines arc mostly terete, slender, 
round-tipped, slightly tapered, or untapered, and many of them have a slightly 
sunken area on the outer side near the tip, as in the ease of the actinals. There 
arc four pairs of contiguous plates making up the adoral earina. On a few proximal 
plates there arc three spines. The spines lengthen toward the mouth plates, the 
longest oil the adoral earina (one to a plate) being about as long as the first five 
adambulacral plates (6.5 mm.). 

1 he actinostoiue is very small. Tho oral armature consists of two heavy spatu- 
lato, round-tipped or subtruncate apical spines to each plate, and a cylindrical sub- 
oral spine similar to the adambulacral spines. The larger, more median, of the two 
apicals is nearly twico as long (4 mm.) as as the short plate, and its breadth varies 
on the different plates. 

Papular areas smaller than the primary plates and with the distribution common 
t° the genus. The papulae are abundant and fill the spaces between the groups of 
spines. 


ASTKIIOIDKA OK NOKT1I 1WCIKIC AND ADJACENT WATKKS KISIIKK 


05 

Straight pedieellariac. (PI. 31, fig. *1; pi. 32, figs. 1, la l/i.) Conspicuous 
subcorneal, heavy, round-tipped pcdicellnrine with three nr four, occasionally five, 
terminal teeth are ahimdant nbactinallv, especially toward the sides of the area, on 
the marginal and actinal plates, and also sometimes on the buses of the spines. Some 
have broad, heavy jaws with three or four teeth and the back of the jaw sometimes 
grooved, while in others the jaw rapidly tapers and the end is pointed with only two 
or three teeth, or even without teeth. The heavier kind might be described as broadly 
wedge-shaped. The largest measure 1.15 min. long by 0.X mm. broad at base (side 
view), but many lateral and almetinal ones are only 0.7 min. long. Smaller, broadly 
lanceolate, compressed pedicellarine of various sizes down to that of the crossed sort, 
occur on the ndambulaoral spines (especially those bordering furrow) and oral spines; 
and others, also small and lanceolate, or lanceolate-ovate, occur on the actinal and 
furrow face of the ndambulncral plates. 

(Tossed pedicellarine (pi. 31, figs. 2, 2a -2c, 3, 3u-3&) are very abundant, forming 
heavy wreaths around all the almetinal and stiperoinarginal spines, and three-quarter 
or half wreaths around the inferomarginal and actinal spines, filling up practically all 
the space between the spines. The ndambulncral spines are provided with largo 
clusters, and the pedicellarine are of different form from the abaetinal, the jaw having 
a longer cutting edge. These are a little narrower than t lie corresponding pedieollnr- 
iae of ncerrnta and pohjthcla . As compared with typical polaris, northern neervata, 
and pohjihfhij the side view of the abaetinal pedicellarine shows the lip extending less 
far down on t he side of the jaw. Abaetinal pedicellarine measure about 0.27 mm. 
long, while the ndambulncral arc about 0.33 to 0.45 mm. long, the larger being less 
numerous. 

The mndreporie body is circular, slightly convex, and situated about mid r. 

Anatomical notes . — The abaetinal plates are very numerous, irregularly lobed, 
and form a very close, irregular reticulum, the irregular spaces of which are usually 
smaller than the primary plates. The supramarginal spaces are a little larger than 
the plates. About 15 to 18 of the spaces can he counted across the base of the ray 
between the two supermarginal series of plates, and about the same number of 
larger plates, although the plates are so unequal in siz.e and irregular in distribution 
that there is no accurate method of computation. The superomarginals are a little 
larger than the largest nlmetinnls, arc four lobed, and imbricate strongly, all being 
spiniferous. Tho inferomarginals and actinals are smaller, decreasing in size toward 
the furrow* and are strongly united by their internally carinate dorsovontrnl lolves 
The ninlmlncral ossicles are moderately compressed, there being 10 in the space of 
It) mm. (at the base of the ray). 

The ovaries of the type are rather large spindle-shaped organs subdivided into 
many lobules. They taper to a point and are therefore similar in form to those of 
L. acermtn and unlike the somewhat globular or sausage-shaped ovaries of L. mints- 
clmtica and allies. The ovary is attached rather low on the septum and the duct 
turns downward, as in other members of the genus, to open ventrnlly, although the 
apertures are not visible on this particular specimen. 

\ ariatians . — This forma is divisible into at least two groups which may have a 
different origin. The typical form has very numerous, close-set abaetinal spines, 
several superomarginal spines to each plate, and large bividved straight pedicellarine. 
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The bristling armature of the sides of ray, due to the vertical combs of marginal 
spines is noticeable. (Stations 2850, 3214.) The less accrvate examples of forma 
acerrata are near this subforma. 

The other subforma has less closely placed abactinal spines, there arc only one 
or two superomarginal spines to a plate, and the straight pedicellariae aic less heavy. 
This variation resembles polythela with suppressed major spines. A specimen from 
Kodiak has one or two spinclcts of the caruial series enlarged. Old Harbor, Kodiak; 
Port Clarence. 

Type. — Cat. No. E 1491, U.S.N.M. 

Specimens examined— Type, station 2850, vicinity of Shumagin Islands, Alaska 
(54° 52' N., 159° 40' W.), 21 fathoms, broken shells, bottom temperature 48.2° F., 
one specimen. (PI. 25, figs. 2, 3.) 

Station 3214, South of Alaska Peninsula (54° 13' N., 103° 00' W.), 38 fathoms, 
gray sand, gravel, one specimen. 

‘ Old Harbor, Kodiak Island, August 11, 1888 ( Albatross ), one specimen. 

Port Clarence Bay, Alaska, 2 to 3 fathoms, Canadian arctic expedition. 

Forma ACER VAT A (Stimpson) 

Plate 30, Figures 3, 3a-3 /, 4, 4a; Plate 32, Figure 2, 2a-2c; Plate 37; Plate 3S, Figure 1 

Asterias acervata Stimpson, 1862, p. 271. 

This is the forma to which the type specimen of Asterias acervata belongs (No. 
1366, U.S.N.M.). The type, however, is an extreme rather than a mean of the forma, 
being on the border toward polythela. Forma acervata represents a rather hetero- 
geneous scries of subformae connecting aphelonota with polythela and its type is 
intermediate between average acervata (pi. 37, fig. 4) and typical polythela. The 
forma may be characterized as follows: 

A large 6-rayed Leptasterias extremely variable in detail, but characterized by 
having certain of the abactinal plates (often in three irregular series) larger than the 
rest and armed with convex groups of coarse, capitate spines of which the central 
spine is usually the largest; the ends of the spines subglobose to subconical, rather 
finely striated; other abactinal spines well spaced, smaller, but similarly formed; 
superomarginal spines one, two or even three to a plate, longer and slenderer, clavate 
at times; inferomarginals similar, but heavier, one or two to a plate; one or two series 
of actinal spines (one to a plate), similar to inferomarginals; adambulaeral spines 
frequently alternating one and two; furrow spine of alternate plates slenderer, tapering, 
more advanced into furrow; consecutive plates with sometimes only one spine or 
sometimes two; straight pedicellariae medium to large size, very broadly lanceolate 
in profile, R = upward of 6 r. Largest specimen, R 154 mm., station 3496. 

Description— Forma acervata is difficult to describe in other than rather general 
terms because it is so unstable. The abactinal surface is especially inconstant to 
stereotyped detail, although maintaining a recognizable facies. The spinulation of 
the marginal plates is scarcely more uniform. All specimens which show a tendency 
to have convex groups of slightly to conspicuously enlarged hut subcqual spines are 
included herein, the extremes being well shown on Plate 37, Figures 1 to 4; Plate 38, 
Figures 1, 2. As mentioned above the actual type is intermediate between typical 
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or average acerrata and those specimens of pulythrla with se\eral prominent spiky 
spines in a group, or a single spine surrounded by enlarged secondary spines, as shown 
on Plate 38, Figures 2, 3. A specimen with K 82 mm., r IS mm, (R 4.5 r) lias the 
follow ing features: 

Almetinal spines, as the plates, are of two very diverse sizes. There are about 
three longitudinal series, quite irregular, but in other specimens sometimes fairly 
regular, of spaced heaps of capitate spines with swollen oblate hemispherical, sub- 
globose, ovate (or in other specimens even acorn-shaped) vertically striated tips. 
The central spine is much the largest of any of the group, while the subsidiary mem- 
bers, unequal in size, form a eircle or irregular group around it. The diameter of the 
largest spines is about 1.5 nun. and that of the smaller 0.4 to 0.75 min. Scattered 
closely over the abactinal surface in irregular lines, rather vaguely defining a reti- 
culum, are numerous usually unequal small spinelets (0.4 to 0.0 nun. diameter) 
which duplicate in miniature the form and sculpturing of the accrvate spines. Just 
above the superoinarginals is a zone variable in width, rather free from spinelets and 
fdled with numerous lanceolate, blunt, straight pedieellarine about 0.5 mm. long. 
These are sometimes incipicntly toothed. Smaller ones are scattered over the dorsal 
surface. The spines are surrounded by small crossed pedicellariac in one or two 
circles, the interstices between the spines of the groups being filled with them. In 
alcoholic specimens the pedicellariac seem to arise from cushions of tissue surrounding 
the spines and spinelets, and have the appearance of being everywhere numerous. 
In large specimens there may be three tiers around the spines. 

Supermarginal spines very variable in length and caliber, but slenderer and 
sometimes larger than the major dorsal spines. In the type subfonna each plate has 
one spine except the distals which sometines have two. The spines are blunt, cylin- 
drical-clavatc, faintly striated longitudinally and the tips are often compressed. 
Other variations have two ami even three spines (in such cases smaller than when 
one is present) on the proximal plates and three and four on the distal (for example 
another larger specimen from station 3247, one from stations 3235, 3290, 3274, etc. ; 
see variations). In such specimens the abactinal accrvate spines form usually 
more rounded heaps, without a very prominent central member, but this is not 
invariable (as stations 3233, 3274). 

The type subforma has a row of inferomarginal spines similar to but longer and 
heavier than the superomarginals, and a series of aetinals similar to but a little 
smaller than the inferomurginals. Other varieties have two equal or unequal infero- 
inarginnls, and two series of aetinals, the same specimens Inning also two or even 
three superomarginals proximal! w (Seo variations.) The supermarginal spines 
have a dense wreath of about three tiers of crossed pedicellariac, while the infero- 
margiual and nclinal spines have thick clusters on the outer face. In the type 
subforma the intenuarginal channel, owing to the single row of supermarginal and 
inferomarginal spines, is conspicuous (blit it is practically obliterated in varieties with 
multiple rows of marginal spines) and is armed with lanceolate blunt pedicellariac. 

As might he expected, when there is little stability in the number of marginal 
spines, the adambulaerals are variable. In the type suhformn the >pines mo>i 
commonly alternate two and one, t ho furrow spine of alternate plates being more 
advanced on the furrow’ face of the plate, as in typical -I.vfcnVis (although not so far). 
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This furrow spine is slenderer than the subambulacrals, tapering, bluntly pointed 
or obtuse, while the other spines are heavier, subcylindrical, round-tipped, some- 
times a trifle elavate or compressed. A considerable number of consecutive plates 
may have but one spine, or may have two. The spines bear thick, subterminal 
clusters of broadly lanceolate, unequal, straight pedicellariae, together with smaller 
blunt crossed pedicellariae, the latter being more numerous on the subambulacral 
than on the furrow spines, where the straight pedicellariae predominate and are of 
larger size. Some of the specimens with numerous marginal spines have two and 
three adambulacral spines on a portion of the proximal part of the ray. The third 
(and outer) spine is shorter than the others. The armature of the furrow margin 
appears crowded by reason of the more numerous spines and their heavy masses of 
pedicelbuiae; station 3274. 

Four pairs of adambulacral plates are contingent behind the mouth plates 
(fewer in the small specimens). The mouth plates are small, not especially sunken, 
scarcely wider than the first pair of combined adoral adambulacral plates, and 
their greatest length equals that of tho first two or ,wo and a half adambulacral?. 
There is a very short, stumpy, pedicella *ia-clad spine directed across the mouth )f 
furrow (and reaching about to the middle); another longer spine, tapering and blunt, 
directed over actinostome, and a third, suboral, still longer, slightly tapering, and 
standing erect like the following adambulacral spines. 

The madreporic body is prominent, convex, situated at about the middle of r, 
and has irregular radiating striae. 

Papulae numerous in small irregular groups dorsallv and irregularly distributed 
as the meshes of the skeleton; prominent just above, between, and just below 
marginal plates, and present also between the actinal plates (when there is more than 
one series), and adjacent to adambulacrals. 

Straight pedicellariae (pi. 32, figs. 2 to 2e) are usualty abundant on all surfaces 
and on the adambulacral spines and vary considerably in size, the largest usually 
occurring in the axilla^ channels. (See variations.) Tho larger straight pedicellariae 
of acervata is a distinguishing featuro from polaris. Arctic specimens have propor- 
tionately more numerous straight and fewer crossed pedicellariae on the adambu- 
lacral spines than have southern examples. 

Crossed pedicellariae (pi. 30, figs. 3, 4) vary greatly in size in different parts 
of the range. The abactinal measure from 0.22 to 0.3 rnm. in length. The arctic 
specimens have pedicellariao more closely resembling those of poloris than have 
the southern Bering Sea forms. For measurements see explanation of plates. 
Numerous crossed pedicellariae occur between the abactinal spines as well as imme- 
diately surrounding them. 

Color in life: Above, clouded with very dark brown; madreporic plate cream- 
colored. Sides of rays and actinal surface, yellowish cream color (Stimpson). 

Anatomical notes . — The cleaned skeleton of the ray consists of a rather close 
irregular network of very unequal, irregular plates, there being a variable number 
of large convex, irregularly Iobed plates corresponding to the groups of spines, 
these secin to have no order of occurrence except that the majority are near or on 
tho radial line. The intermediate and smaller primary plates are oblong, and of 
various polyhedral forms with rounded cornors. Twelve to fourteen plates can 
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bo counted across ray between t ho supornmnrginals. The latter as well as the 
inferomnrginals, and aetiimls are. arcuate, broad lozenge-shape or inripiently four- 
lobed, and imbricate to form transverse as well as longitudinal series, lower and 
adoral ends outermost. 

The iiiterhraehial septa are stout and strongly calcified, and their interrndial 
dimension is about one-half r. The actinostomial ring is stout, decidedly narrow, 
so that the nctinostoiue is small, and the odontophore is not conspicuous as in Asteria* 
amurensis. The ambulacrnl furrow is rather narrow and the ambulacra! plait's are 
not erowded. 

The intestinal eoecum is of the irregular tubular form with a common saccular 
portion adjacent to the intestine. The hepatic roeca are very large and extend to 
the end of the ray. The eversihlc stomaeh lias large radial diverticula, the central 
portion being defined by the inner edges of the interbrachial septa. The septa as 
mentioned above are about one-half r in breadth. The sides of the ray are divided 
into a series of lateral pockets by means of dorsoventral partitions similar to those 
of Astcrias arnurensis. Into theso the lateral diverticula of the hepatic roeca extend. 
The gonads are attached to the interbrachial septa about midway between the dorsal 
and ventral surface and about one-fourth of r inward from the apex of the interbrachial 
angle. The gonoduet passes outward and downward in the septum, and opens on 
the ventral surface about one-fourth r from the interbrachial angle, between the 
two rows of marginal plates, at the end of a low papilla often guarded by a major 
pedicellarin. The papillae are very close to the interrndial line, one on either side 
for each interbraehium, and are difficult to find. The gonad is in form spindle- 
shaped, a little over one-fourth to one-half k in length and consists of numerous 
short lohulated branches surrounding a central duet. The eggs are large. 

Variations '. — As an example of the variations which may occur at one locality, 
10 specimens from station 3233, 7.25 fathoms, Bristol Bay, are very informing. H 
varies from 31 to 03 mm., seven examples being large. The range of dilFerencc 
in abactinal armature is shown by Plate 37, Figure 1, Plate 3S, Figures 1 and 2. 
The first two are from station 3233; the last is from the Arctic Ocean, hut a specimen 
from station 3233 is practically the same. Of the 10 specimens: (a) One is Plate 37, 
Figure 1 ; (h) two are between this and Plate 3S, Figure 1 ; (r) five fall in a class with 
the latter or have slightly more prominent heaps of spines. For instance, in three 
of the five, the central spine is more accentuated, (d) One is like Plate 3^, Figure 2. 
The variation in superomarginal spines is as follows: (a) Usually three; ( b ) young, 
one or two; (c) four specimens have generally two spines; two specimens (one of 
which is young) have one spine or sometimes two on distal plates (<U one spine 
(typical of pohjthcla). Of infcromarginal spines a 1ms usually two, (lie others one. 

Specimens from stations 3231 and 3232 exhibit the same class of variations, 
ranging through the same amount of difference with the exception that there is no 
example so near pohjthcla as that in class </ above. 

Specimens from stations 3100, 3525, 3557, and Xo. 300 S J, off St. Ocorge Bland, 
have very large bivalved straight pedicellariae like those of the typical aphehmota. 
All arc from the region of the Pribilof Islands. Inasmuch as some of the specimens 
of pohjthcla from the same locality show a similar variation it would ho iutercMing to 
know the cause. 

03100 — 30 0 
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Of the above, (wo large specimens, No. 39984 and station 3496 are unlike the 
usual run of acervata. They have much fewer, more widely spaced, larger spines. 
No 399S4 abactinally resembles L. Tcatherinae , but has the crossed pedicellariae of 
acervata: station 3496 has a few larger spines here and there and one series of supero- 
marginals. It may perhaps be a variant of polythela . Both have laigci and moie 
widely spaced spines than f. aphelonota. 

Young . — The smallest specimen has R 8.5 mm. (station 3233) and could not be 
accurately identified if it were not accompanied by adults. The rays are moderately 
stout, depressed, and the abactinal spines unequal, comparatively coarse, and rela- 
tively few. Even at this early age a few spines here and there in the radial region 
overtop the others and are usually distinguishable by having one to three crossed 
pedicellariae on their bases. There is one supermarginal spine to a plate and one 
inferomarginal, a little longer, each with several minor pedicellariae. Adambulacral 
spines either one or two, rather irregularly; a few straight pedicellariae scattered 
along the furrow face. One pair of adambulacral plates meet behind the mouth 
plates. First two or three tube-feet biserial, then quadriserial in quincunx. Papulae 
solitary, none aetinal, but an intermarginal series present. 

Another example with R 10.5 mm. is essentially the same. 

Small examples with R about 30 mm. show most of the varietal differences of 
the adult, hut in a less accentuated form, since the spines are fewer. There are usually 
one inferomarginal, one aetinal, and either one or two supermarginal series of spines. 
Sometimes a second inferomarginal spine of smaller size. Crossed pedicellariae are 
plentiful. These and the absence of large bivalvcd denticulate intermargin al and 
supramarginal straight pedicellariae will serve to distinguish young acervata from the 
closely similar shore form, Leptasterias alaskensis , found along the Aleutian Chain 
from Unalaska to Attu and Agattu. 

The specimen figured by Verrill (1914, pi. 106, fig. 3), Nazan Bay, Atka, as young 
acervata is referable to Leptasterias camtschatica dispar. 

Type. — Cat. No. 1366, U.S.N.M., William Stimpson. The specimen figured by 
Verrill (1914, pi. 27, figs. 1, 2) is not the type, as stated, but is Cat. No. 1367, 
U.S.N.M., Arctic Ocean, Captain Rogers. It is, however, practically identical with 
the type. 

Type locality . — Bering Strait, clean gravelly bottom, 5 to 15 fathoms (Stimpson). 

Distribution . — Forma acervata is found from the Arctic Ocean to Bristol Bay, 
Bering Sea, Attu Island, and on the Siberian coast to Indian Point. Its known 
temperature range is slightly higher than that of polythela , but the temperatures of 
arctic stations are not known. 

Specvnens examined. — Eighty-nine. 
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SjHcimcn* of l^rptastrrias polar is acrrvata forma acrrvata natninnl 


Sta- 

tion 

l^ocnlity 

D* pth 

Nature of hottirn 
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Brm rk» 



Fathom* 


• F 


3231 

Bristol Bay, HerlDg Pen 

12 

Stone* 

IV 

t T P N.M 

3232 

<lo. 

10.5 

Pebbles, f tones 

20 

Do. 

3233 


7. 25 

Sand, (•obhles 

44.5 10 

Do 

3234 

do 

5 

Gray sand 

1 

Do 

3235 


11 

Black sand 

1 

Do 

3247 

Mouth of Bristol Hay 

17 

Pebbles, stones 

40 6 2 

I)o. 

3274 

North rod Alaska Peninsula 

IV 

H lack sand, shells. . ... 

o 

t S N M (interme- 






diate). 

3277 


is 

Gravel, sand, rocks 

43.2 1 

U.S.N M 

327V 

Mouth ol Bristol Hay, near Alaska Penin- 

10 

Black sand 

1 

Do 


suln. 





3200 

.. .do 

10 

Gray sand 

3 

Do. 

3300 

Bristol Bay 

15 

Pebble* 

42 2 2 

U S.N M. (intern,*- 






dial**). 

2m 

Southwest of rrihilof Islands 

41 

Gray sand, stones, preen 
mud. 

39 9 1 

t’.S.N.M. 


3525 

West o/ Pribllof Islands 

29 

Black sand, shells 

41 6 l 

Do. 

3557 

<io 

26 

Sand 

3 

Do. 

3559 

.do 

39 

Gray sand, broken shells 

42 1 

U.S.N M. (interme- 



diate). 

4 7 V5 

OH Avatcha Hay, Kamchatka, 52° 4 6' 50" 

69-4 

Green sand, lobbies 

2 

Albatross, 1906 . 


N . t.W° 4 4'30" E. 

Bering Strait 

. 5-15 

Gravel 

1 

Wm. Plimpton, I 3 M. 






tyj* 


Arctic Ocean 



2 

Captain Rogers. 13*5, 






1367. 


Ca|>o Llsburne, Alaska 

5-7 

Sand, gravel 

2 

W. II. Dali. INS0; 
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. do 



] 

15714. t<each after 






gale. 


Plover Hay, SH-cria. . 

. 15-20 

Rocky 

4 

6112. W H Pall. 


Oil Indian 1'oiDt, Siberia 

17 

Gravel 

2 

COM. W U. Dali. 


1 1 cad of Norton Sound, Bering Sea 

St. Michaels, Alaska 

5 


.... 1 

7622. John Murdoch. 
15M2. 1. M Turner. 


Chickngofl Harbor, Attu Island. . 

OfT St. George Island, ITibUof Islands .. 

5-7 


3 


40 



399M. G D llacna. 

1000 

North coast Siberia, 67° 7' N . 173° 24' K. 

15 

Cluy, stones .. 

l 

Rlksmuseum, M»<k- 






bolm, Vega Ktie- 
dilion 

1072 

Ofl Bering Island 

65-75 


1 

Do. 


Forma POLYTIIKLA \ crHl!) 

Platt* 30, Figure 5, 5a, Plalc* 3 1 . FiRim.* t, la l/; Plate 3s. FiRiirt* 3; Plates 39, *10 
A si mas pohjthda Vkhuii.i., 1909, p. t)s 

This forum comports itself more like n convcntinnnl species than dot's acrrvata. 
When approximately typical (pi. 39, and 40) it is very easily recognized by reason of 
the few large rather widely separated upright abaetinal spines. It is connected with 
forma acrrvata by nuiiierous intermediate forms of which the type of acrrvata is one. 

Diagnosis. A large to medium-sized, (»-rayed form, with rather slender to modt r- 
ately stout, depressed to well arched rays and small disk; abaetinal surface of rays 
with f> to 30 large, conical or acorn-shaped spines, typically solitary, or in t\vo>, or 
occasionally more, borne on convex plates much larger than the others, and arising 
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from an irregularly rccticulato spiuulation of small capitate, unequal spinelets; 
typically one or two superomarginal spines proximallv, three to five short tubercles 
distall v ; usually one infcromarginal, and one or two series of actinal spines; adam- 
h ul acral spines proximally two, distally one and two alternating; crossed pedicellariac 
abmulant; marginal and actinal straight pedicellariac frequently with broadened 
toothed jaws. Differing from acervata in having larger conical dorsal spines with no, 
or only a very few, smaller accessor}" tubercles. It — upward of G.25 r, and upward 
of 200 mm. 

Description. — The type form as described and figured by Vcrrill, and abundantly 
represented in the collection at my disposal is about the most easily recognized asteriid 
of Bering Sea and the adjacent parts of the Arctic Ocean. It exists in nature, however, 
in various guises which depart from the characteristic form above alluded to, and 
bridge pretty completely the gap separating the type subforma from that of acervata. 

The largest specimens, upward of 200 mm. major radius, are considerably bigger 
than any acervata that I have examined. 

K 200 mm., r 32 mm., K = 6.25 r; breadth of the ray at widest part 40 mm., 
at base 33 mm. Kays swollen at base, very gradually tapered to a blunt extremity; 
rays and disk usually well arched and sometimes inflated. 

Abactinal surface beset with numerous, unequal, spaced capitate spinelets, 
constricted above the base, then enlarged into a subglobose, acorn-shaped, or swollen, 
subtruncatc extremity, usually with weak longitudinal striations. These spinelets 
are similar to those of acervata , and define rather irregular small sunken areas occu- 
pied by papulae and pediccllariae. Arising from the general level are relatively few 
much larger convex plates, bearing stout striated subconical or acorn-shaped blunt 
or subacute tubercles, which in large specimens attain a length of 3 mm., or 5 mm., 
including the convexity of the plate. These tubercles vary in number and position 
but arc more frequent along the radial line than on the dorsolateral regions. Occa- ^ 
sionully they form three irregular scries, but with more spines in the radial than in 
either lateral row. They stand singly or in groups of two to five (in which case one 
is usually larger than the others); and in some specimens certain of the minor spines 
may form intermediate tubercles by enlargement. The disk may entirely lack the 
large spines (type variety) or may carry upward of 20; station 3251. The number 
of large spines on the rays varies greatly, ranging in general from 5 to 30 to each ray. 

A very large example from station 3440 (pi. 40, fig. 2) has relatively few, mostly on 
the outer half of the ray, while a medium-sized specimen from station 3251 (R. 78 mm.) 
has about the maximum number in three series. As soon as the large primary spines 
are accompanied by smaller ones so as to form an acervate grouping, the dorsal 
surface approaches in appearance exaggerated cases of the type variety of acervata. 
(PI. 38, fig. 2.) In definitely intermediate examples which can not be assigned to 
either polythda or acervata the enlarged spines occur in groups as in acervata , but the 
central spine greatly overtops the others and is conical in form. The superomar- 
ginal spines may or may not stand singly on a plate. 

Crossed pedicellariac are very numerous on the abactinal surface, densely cover- 
ing the slopes of the plates leading up to the base of the large spines and surrounding 
the minor spines in from one to three circles. Much less numerous straight pedi- 
cellariac are scattered over the abactinal surface usually on the edge of papular 
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groups. They rather increase in number and size toward the marginal spines, 
reaching a length of from 1 to 1.25 mm. in the biggest specimens, and 1 mm. in an 
example with K. 170 min. The form is broadly lanceolate to broadly oval, or even 
subelliptical, more or less compressed, and the end of the jaws are either smooth 
(station 3251) or are provided with one to live short, interlocking teeth (also station 
3251), both being very large specimens. In a slender rayed variety from station 
3530 and station 351S the straight pedieellarine are fewer than normal. 

What might be called the typical arrangement of marginal and actinal spines, 
if there were not so many exceptions, is one series for each of the marginal rows, and 
a single series of actinal spines — three in all; or two series of actinal spines (proxi- 
mallv at least) in the largest examples four in all. In three very large specimens 
from station 3251 two have a single superomarginal spine (except sporadically two) 
mi the proximal two-thirds or three-fourths of ray, then a transverse series of two or 
three short tubercular spines; tbo third lias mostly two spines except at the very base 
of the ray where there is one, and on the outer fourth or fifth when* there is a trans- 
verse series of four or live short tubercles; of the first two, one has frequently two 
inferomarginal spines and but one actinal series, the second has one inferomarginal 
spine to a plate and two series of actinal spines and plates of nearly equal size; the 
third has occasionally two inferomarginal spines, and two series of aetinuls, the 
inner much the smaller. A second superomarginal spine, smaller than the primary 
is not uncommon, and even a third may be present in an otherwise typical specimen; 
station 3441. The distal plates very often have three to five tubercles, but may 
have only one. Irregularity in the number of inferomarginal spines is less common 
but occurs. The superomarginal spines are decidedly smaller than the dorsals, 
subeonieal, sometimes compressed, with pointed, blunt, or irregular tips, and fre- 
quently are acorn-shaped distally. The inferomarginals (and aetinals also) are 
abruptly larger if the superomarginnls are small, or subequal if they are large, of 
much the same shape, more or less clnvnte and slightly bent, the tips being blunt. 
The superomarginal spines are provided with thick wreaths, and the inferomarginals 
and aetinals with half-wreaths of crossed pedieellarine, with much larger broadly 
lanceolate to triangular-ovate straight pedieellarine scattered among them. The 
intermarginal and actinal channels are proximally (and also usually distally) armed 
with stout, straight pedieellariae of the general form of the dorsals but larger ns a 
rule, with typically broadened jaws ending in several small curved teeth. Some of 
the pedieellarine (ns station 3520) have the jaws nearly as broad as high, viewed 
from the back, with parallel sides and gently curved margin armed with about five 
or six teeth. They resemble somewhat the hivalved pedieellariae of Goni ns te rid no. 

The adamlmlaernl spines stand two on a plate on the proximal half or two-thirds 
of ray, then they alternate one and two. The spines resemble those of accrixita. 
Alternate furrow spines are more advanced into the furrow, and are slenderer than 
t he suhambulaerals which in turn are much slenderer than the aetinals. The furrow 
spines taper slightly, while the others are usually untapered, subeylindricnl (or even 
elnvate), sometimes a trille flattened. All have large subterminal groups of tapered, 
unequal straight pedieellariae. The straight pedieellariae are toothless and have 
narrow jaws viewed from the back; rather acute-ovate from the side. In large 
specimens there are four pairs of contiguous adambulacrnl plates behind the mouth 
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plates, the width of this adonil ridge varying somewhat. The first two to four 
plates have one spine each. 

The mouth plates resemble those of acermta and each lias three spines in similar 
fashion. 

The papulae are numerous in small not very crowded groups of 10, 15, or even 
more, dorsally, intermarginally, between the infcromarginals and first aetinals, and 
between the first and second where present. The papulae alternate with the spines of 
the second actinal row, or when this is not present stand, at least in large, specimens, 
between the first aetinals and the adanibuhicral plates. I here is often only one, at 
most only a few, papulae to each group actinally. 

Madreporic body prominent large, slightly convex, with radiating striae. It is 
situated about at the middle of r. 

Straight pedicellariae are similar to those of acervata and vary in size but are 
consistently large; only a very few specimens have them of inferior size. They 
are generally very numerous, and have either smooth or notched edges. 

Crossed pedicellariae (pi. 31 , figs. 1-16; pi. 30, fig. 5) are very numerous and vary in 
full sized specimens from about 0.25 to 0.29 mm. in length, 0.27 mm. being the usual 
size of the obactinal. The adambulacral spine pedicellariae which have the usual 
different form are about 0.3 mm. In arctic specimens the general appearance of the 
pedicellaria is close to that of polaris , and as in forma acermta , the lip extends farther 
down on the side of jaw than in southern examples. (Compare figs. 1 and 16, pi. 31.) 

Anatomical notes . — The main features of the anatomy are similar to those of 
acervata. The intestinal and hepatic coeca are similar. The latter are relatively 
very large, especially in the large specimens and reach to the end of the ray. They 
fill the coelom of the ray and extend into the shallow lateral pockets of the coelom 
formed by internal partitions. The latter are due to internal dorsal processes of the 
marginal and actinal plates overlaid by membrane. The gonads of the largest 
specimens open more in the axils, than on the ventral surface, but this opening is 
below the supcromarginal plates and is distinctly not at all dorsal as in Asterias, ss. 

An examination of the skeleton reveals no important points of difference. The 
ahactinal plates in large specimens are quite irregular and are crowded in the median 
region, the meshes being smaller than the skeletal intervals. The supramarginal and 
intermarginal meshes are the largest. The marginal and actinal plates are regularly 
four-lobed, the dorsal (internal) lobes being the longest and carinate, so as to support 
a membranous partition, the series of which, along the side of the ray, act as a support 
and occasion shallow lateral pockets of the coelom. These elongate dorsal lobes are 
longest at the base of the ray, and they overlap very broadly the descending lobe of the 
plate above, the latter being external. In the large specimen from station 3251, 
there is a third series of small actinal plates which can not be seen from the outside. 
As mentioned elsewhere the large tubercles are borne on very convex plates much 
larger than the others. These plates seem to be among the first formed in the young. 

Variations . — The principal variations have been stated in the description. 
It will he necessary only to give a brief summary here. 

The number of rays is six, but there is one specimen with live rays from station 
351 S. The stoutness of the rays varies independently of the size of the specimen, the 
condition depending partly on the maturity of the gonads, also somewhat upon the 
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nmount of tlolln t ion at t ho time of death. Aside from those factors there is an actual 
individual dilTerenee in ray breadth. The breadth of ray at widest part goes into 
K I.A to G -t- times, in the largest examples; and 4 to 5.5 times in the medium-sized 
specimens; in small examples there is not so much variability. Of course in the above 
eompnrisons there is allowance to be made for the increase of rnv length with age. 

There are no two specimens alike in respect to the distribution, number, and size 
of the abaetinnl tubercles, while their form ranges from that of an elongate rone to 
that of a short acorn, or at the tip of ray to a depressed spheroid, and the tip may be 
fairly sharp, to rounded. Not only is there variation in number betwwen specimens, 
but between the rays of the same example. The tubercles are perfectly solitary, 
surrounded only on the plate by a dense felting of small minor pedicolhirine, or there 
may he 1 , 2, 3, 4, or 5 accessory tubercles of various, generally smaller, sizes arising 
from the same plate. There is scarcely ever more than two hin/r suhequal tubereles 
arising from the same plate. Two extremes, that of aeervate tubereles and that of 
mostly solitary spines, are encountered at the same station, 3518, and at this station 
also i> a specimen with the disk bristling with spines (pi. 39, fig. *2) and others without 
a single spine. About the same extremes are found at station 3251, at which were 
taken the largest specimens (mostly with few or no enlarged tubercles on disk). 
(PI. 30, fig. 1.) 

A curious variation is found in a specimen from the Arctic Ocean, north of 
Bering Straits (steamer Coririti , No. 1 5S 10); K 90 mm., r 19 mm. The dorsal surface 
is typical, but tbc nctinal spines are lacking opposite the first 8 to 12 infcromarginals. 
From this point on there is a single series which extends nearly to the t ip of the ray. 
There is a single series of very short superomarginal spines and proximally a second 
accessory series of shorter tubercles. The infcromarginals are abruptly much larger 
and dominate the ambitus. The straight pedieellariae of the dorsolateral and mar- 
ginal regions are large, with broad, toothed extremities. This is tint a variety char- 
acteristic of the Arctic Ocean for another specimen collected by the Coririiu also 
No. 15819, Arctic Ocean, north of Bering Strait, has much shorter rays, a conspicuous 
intennarginal channel, and a relatively broad area between the inferomarginal and 
adambulaernl plat es occupied by a series of stout nctinal spines. 

Specimens not typical and variously diserging toward ucrmifii were taken at 
the following stations, no two of these specimens being closely similar: Station 323G, 
one intermediate; 3252, one; 3253, one; 3254, two; 3277, three; 350G, one; 3520, two 
intermediate, the proximal part of the ray of one example being nrcmitu and the 
tip, pohjthcla: 4795, one; from this station a typical pohjthrhi. Arctic Ocean, north 
of Bering Strait, one. (PI. 3S, fig. 2.) 

Young. — From station 3254 along with adults mid undoubted young is a tiny 
specimen having six rays and R 4.5 mm. This is ehielly interesting in having the 
abaetinnl surface covered with thin Hat subcircular, overlapping plates from some of 
which arises an erect spinelet; no papulae; two series of tube feet; mouth plates largo, 
like those of the Solnstcridne, with two actinostomial spinelcts and at the outer end 
of the plate a larger suboral; one pair of adnmbnlaernls touching behind the mouth 
plates; one large adambulaernl spinelet; actinostome big; a brief series of marginal 
spinclctsin each row*. This specimen is of course quite unlike the adult and resembles 
one of the Asterinidae more than an Asteriidae. 
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Very small specimens have short, broad, depressed rays. The permanent spines 
make their appearance early, a specimen with R 9.5 mm. having about 12 in three 
series on each ray, each surrounded by a circle of relatively large minor pedicellariae. 
The big plates and spines arc among the first to appear and their early differentiation 
shows that the character is deep-seated. The smaller plates of the adult are second- 
aries, the prominent plates being the first that arc acquired by the young sea star. 
There are about five series of single dorsal papulae, one intermarginal, and none 
actinal; no actinal plates; adambulacral spinelets alternating one and two; tube feet 
in two zigzag series or in four, arranged in quincunx. 

The young of acervata of the same general size (station 3232, 3233) have much 
slenderer rays. An example of acervata with R 10.5 mm. has several of the radial 
plates with two or three spines, the character showing itself early in this case, also. 
The specimen with R S.5 mm. shows the same tendency. 

In specimens of polythela with R 15 to 20 mm., the adult characters arc readily 
recognizable, although the actinal plates are wanting and the pedicellariae are still 
relatively few. 

There is no evidence of an acervata stage in the development of polythela , nor 
particularly, of the converse. 

Type.— Cat, No. 15820, U.S.N.M. 

Type locality. — Arctic coast of Alaska, U. S. R. S. Corwin. 

Distribution. — Bering Sea (Bristol Bay, vicinity of Unimak Island, Pribilofs, 
St. Matthew Island, Pctropavlovsk, Port Clarence) and the Arctic Ocean north of 
Bering Strait, in from 2 to 59 fathoms, on gray, green, and black mud, or sandy mud, 
exceptionally on coarse sand or gravel. Temperature range, 31.1° to 44. S° F. This 
form appears to live on softer bottom and in colder water than does acervata. The 
typical phase of the forma is found on mud or very fine sand, in water under 3S°. 
It is possible that the higher readings of 43° and 44° may be erroneous. 

Specimens examined . — One hundred and thirty. 


Specimens of Leptasterias polaris acervata forma polythela examined 


Sta- 

tion 

Locality 

Depth 

Nature of bottom 

Bottom 

temper- 

atures 

Num- 
ber of 
speci- 
mens 

Collection 



Fathoms 


0 F. 



3230 

Bristol Bay, Bering Sea 

14. 75 

Gravel, sand, shells. 

.. 39 

j 

U.S.N.M. 

3244 

Mouth of Bristol Bay 

4.5 

Fine othv snnri 


1 

Do. 

3245 


11.5 

Sand 

3 

Do. 

3251 

North coast Unimak Island. 

25.5 

Fiue gray sand 

.. 37.5 

8 

U. S. N. M. (very 







large). 

3252 


20.6 

Blank mnd 

44 S 

1 4 

U.S.N.M. 

3253 


36 

Mud, sand 



Do. 

3254 


46 

flrenn mud 

o 

0 
1 3 

Do. 

3255 


43 

IT 

10 

1 0 


3250 


49 


** 


r\ A 

3277 

North of end of Alaskan Peninsula. 

18 

UTitUlJ UlUUp DJuCK S OG1LS. . . 

Sand, roeks 


3 

DO. 

Do. 

3430 

West of Prihllof Islands, 57 ° 00 ' X., 170 ° 

41 

Fiue gray sand, shells 


1 

Do. 


35' W. 






3440 

West of Pribllof Islands, 57 ° 05' N., 170° 

48 

Black mud, shells 


j 

Do. 


41' W. 






3441 

West of Pribllof Islands, 57 ° 04' 20 " N. t 

51 



3 

Do. 


170° 52' 30" W. 



1 
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Specimens of Leptasteriaa polaris neervotn forma polylhcla examined Cuntinuod 


eu* 

lion 

l^tcnliiy 

Depth 

Nature of bottom 

Bottom 
tempor- 
al ur 

Num- 
ber of 

51«eci- 

mens 

Collect ion 



Fathoms 


• F 



3506 

Northeast of Prlbilof Islands, 37° 33' N , 

44 

Fine gray sand. 

38 l 

3 

C. 9 N M 


163* 33' W. 






3312 

North of PrlMlof Islands 57° 4/ 30" N . 

3S 

Fine, sand, green mud 

a* o 

1 



10V* 27' W 






3318 

Bering Sea, southeast of St. Matthew 

36 

Green mud 

33.9 

b 

Do. 


Island. 






3310 

... do 

37 

Blaek mud. One -and 

31 1 

fl 

Du. 

33JO 

do 

38 

Green mud, fine sand.. . 

32.2 

2 

Do. 

3322 

Northeast or Pribllof Islands, 57° 3s' N , 

41 

Coarse gr„y sand, gravel.. 

35 7 

10 

Do. 


170* err w 






3322 

Bering Sea, 38° 30' N., 172* 24' W 

56 

Green mud 

36. 1 

1 

Do. 

3330 

Bering Sea, 30° 31/ N., 173° 33' W 

59 

Dark green mud. One sand 

34 9 

11 

Do. 

3331 

1 Bering Sea. 50® 53' X . 174° 17' \V 

59 

Green mud 

35.1 

9 

Do. 

3011 

Bering Sea, east of Pritdlof Islands 

50 

Green mud, sand 

34.6 

1 

,1)0. 

4704 

OfT A vote ha Bay, Kamchatka 

58-59 

Sand, i ebbles 


1 

Albatross, 1906 

4705 


69— IS 

Green sand, lobbies 



Albatross, 15*6 (with 







aerrrala). 

4796 

OH Avalcha Bay, Kamchatka 

4S 

Sand, | ebbles, shells 


4 

Albatross, VaM', 


62® 13' N , 167® 48' \Y 

20.5 



1 

Lieut Geo M 







StoDcy, I'-M' 


Arctic Occao, north of Bering Strait 





1 

V. S K. S. Corwin, 







IMS 13S19. 


A re tie coast of Alaska... 




1 

C. S. H S. Corwio, 







I >20 


65® 53' 15" N , 13>® 0/ 30" W 

30 



1 

V. S K S C rwin. 







1)823. 


60® 22' N , 16s® 43' \V 

23 5 



1 

Lieut. Geo M 







Stoney, l r v i 

10 rv 

62® 3*/ N., 177® 05' \V 

55 

(lay 


1 

Kiksmuseum, Sloek- 







bolm, Vega cre- 







dit -n. 

1049 

Tort Clarence, Alaska 

4- 6 

Stones ... 


1 

Do. 

1072 

Of! Bering Island 

65-75 




1 

Kiksmuseum, St tok- 




• 



holm, Vtga erpo- 







dilion. Qcrrrata 







fr in t - *t* t - n 

1046 

Mouth of St. Laurence Bay. SitMjria 

4- 6 

Stone*, nlgne 


1 

Klk*mu«eum, St>ck- 


liolra, \>ga ft 
ped lion, Interme- 
diate w ith cerrxata 


LF.PTASTK1II AS l’OLAKIH K \ TH KIUN A E (Cray) 

Flatr 33, Figures 1 G; Flute 31; Flute 30, Figure 1; Flute *11 

Asterias kaiherinae Guay, Ann. and Mag. Nat. Hist., s»t. 1, vol. G, 1M0, p. 179; Sym p 
Starfishes Frit. Mils., 1XGG, p. 2. — Pekiuek, Revision <U\s StelUVides, IS75, p. G7. 
Veuuill, Slmllow-waler Starfishes, 1911, p. 112, pi. 51, figs. 1, 2; pi 52, fig. 1; pi. x3, 
flK- I 

Asfcrncanf/iton katherinae MCu.Kit and Thosciiel, System der Asleriden, 1S-I2, p. 19 
Dcjaiidin and Hurf, Hist. nat. Zoopli., Eehinodermes, 1SG2, p. 339. 

Asterias douglast Pkuhikh, Revision des St ell brides, 1S75, p. G9. 

Astrrias dubui Yekkill, A hut. Xal , vol. 13, 1909, p. 515. 

Pilaster grayi Vkuhill, Shnllou-water Starfishes, 191 1, p. 97. See Fid.er, Ann an 1 Mag 
Nat. Hist., ser. 9, vol. 17, 1920, p 550. 

Leptasterias polaris katherinae Fisher, Ann and Mag. Nat lhst , mt. 9, \o! 12, HOT 

p. 599. 
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Asterias katherinae was very briefly described by Gray from specimens stated to 
have been collected at the month of the Columbia River. The original specimens 
are eight in number and were presented to the British Museum in 1838 by Lady 
Katherine Douglas. They were entered in a preliminary register as coming from 
Labrador. Doctor Gray, however, gives “North America, mouth of the Columbia 
River” as the locality and, since another specimen has been taken in the Gulf of 
Georgia, there can be little doubt that the entry made in 1S3S was incorrect and 
that Doctor Gray was right. 

Through the courtesy of Sir S. F. Manner, formerly director of the British 
Museum (Natural History), and of Dr. R. Kirkpatrick, then in charge of the collec- 
tions of Eehinoderms, f received for detailed study four of Gray’s types. Doctor 
Kirkpatrick lmd photographs made of the others, and forwarded me notes on the 
specimens. Subsequently I visited the British Museum and examined all of the 
types. At his request, one of the specimens having the original register number 
attached, namely, 38.7.15.107, has been formally designated as type of the species. 

It is necessary to correct an erroneous impression, due to a statement by Perrier, 
that the actual types of Gray are not known with certainty. Perrier (1875, p. 67) 
says: “11 est asscz diflicile de savoir avec precision ce quo Gray a voulu designer 
sous lo nom d ’Asterias Katherinae ” 

There is no shadow of doubt concerning the eight original specimens. They are 
all identifiable with certainty. Five have the original register numbers glued to 
them. Of the other three, two without either register numbers or Gray's original 
small letter, had labels, “A*, katherinae” in Gray’s writing. The remaining one 
alone without number, letter, or original name label of Gray was labeled (sub- 
sequently, possibly by Professor Bell) A . katherinae , month of Columbia River 
(No. 38. 7. 15.1 11). So it too must be one of the original eight. 

In a manuscript list Gray entered the eight specimens as follows; the asterisk 
denotes specimens which were sent to me. 

а. Five-rayed 38.7.15. 10S (a true katherinae ) . 

б. * Six-rayed 3S.7.15.110 (smallest specimen; type of A. douglasi Perrier). 

c. Six-rayed 38.7.15.104. 

d. Six-rayed 3S.7.15.105. 

e. Six-rayed 38.7.15,106 (“ds. katherinae Gray”). 

/. * Six-rayed 3S.7.15.107 (type). 

g. * Six-rayed “variety” (38.7.15.109) (‘*ds. katherinae Gray”). 

h. * Six-rayed “variety” (38.7.15.111) (‘‘cotype” of following description). 

The numbers of e } g, h, were lost and were replaced in 1920 by Doctor Kirk- 
patrick; h was without any label but by a process of elimination is almost certainly 
one of the “ variety ” specimens. 1 have examined all of the specimens; the last is 
certainly a true katherinae and is referred to as a “eotype” in the following descrip- 
tion. 

Although No. 10S is a 5-rayed specimen and was labelled u Asterias troscheli ” 
by Bell or Perrier, it is a true katherinae. 

All the specimens were dried without having been cleaned, so that the spines to 
some extent are obscured by dried slime, sand, and sawdust, while the tube-feet are 
more or less plastered over the oral and adambulacral armature. It was a simple 
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process to clean the type and specimens b and h. One ray of h w ih detached at the 
haso for a study of the skeleton and to determine the position of the gonads. 

Although Perrier (187 5, pp. G7, GK) redeserihed A. katherinac , apparently from 
the authentic specimens of Gray, he mentioned two .Waved examples. One of the 
G-rayed specimens lie described as Asterins < Imitjla.ri , stating that there were a Bo 
several specimens without locality in the Museum d'llistoirc Xaturelle (p. 00). The 
British Museum specimen (Xo. 1 10 of the foregone list) wn> considered the type. 
The dimensions (R 70 mm., r 17 mm.) and description given by Perrier apply to it. 
It seems to me to he typical katherinne and certainly one of the original series since 
there is clinging to it the same kind of sand that is attached to the other examples. 
Asterias douglasi is therefore a synonym of katherinne. (PI. 33, ligs. 3, 5.) 

In his description of the specimens of katherinae Perrier (p. GS) writes that the 
adamhulacrnl spines are in a single series along the furrow margin. 'Phis is simply 
an error of observation, for his description was not taken from one but from several 
specimens, since he says: “Voici la description des individus auxquels doit etre 
reserve?, scion nous, le nom d’ Arenas katherinae , la description de Gray ayant 
evidemment 61 6 faite d’nprfc eux.” In none of the authentic examples are the spine- 
lets in a single series. This mistakes was unfortunate since it led Verrill to infer the 
existence of a second set of 6-rnycd nsterids having monacanthid adamhulncrals, 
which he named Asterias dubia (1009, p. 5*45), later Pinaster gragi (1914, p. 97). Xo 
such second set exists, however, so that these names must he regarded as synonyms of 
katherinae. 

Diagnosis. — Kays six; exceptionally five; size rather large. Closely resembling a 
thick-rayed L. polaris having irregularly and well spaced ahactinal spines. Differing 
from L. polaris acerrata in lacking convex groups of ahactinal spines, and from forma 
aphelonota in having smaller straight pedieellariae and more widely spaced ahactinal 
spines. Ahactinal spines very irregularly arranged, sparser than in acerrata, ciavate, 
subeapitate, with the ends finely grooved; earinal spines not clearly differentiated; a 
single row of suporo marginal, one of inferomargimd, and two of actinal spines, sul>- 
cylindrical, often slightly ciavate, robust; adamhulacrnl spines normally one and 
two alternating, the furrow spines of diplacanthid plates slenderer than the others, 
and more advanced into furrow than that of monacanthid plates; very numerous 
small ovate or broadly lanceolate straight pedieellariae. R —4.5 to 5.3 r. 

Description.- — The measurements of the type, Xo. 3V7.15.107, British Museum 
Register, are as follows: K 1*15 min., longest ray and 137 mm. shortest ra\ ; r 27 or 
2S mm.; R 4.9 to 5.3 r; breadth of ray at widest part, just beyond base, 2s to 31 
mm. ; height of disk, *20 mm. Measurements of eotvpc Xo. 38. 7.15. 1 1 1 : R Ms to 155 
mm.;r33 mm.; R 1.5 t»>4.7 r; breadth of ray at widest part near base (ray depre^ed 
in drying) 33 to 35 mm. 

The ahactinal spines are numerous, not large, unequal, and arranged irregularly 
on the irregular reticulum of dorsal plates. They are shortest on the radial area, 
when* the primary or principal spines an* about 1 to t S mm long, increasing gradu- 
ally to 2 or 2.5 nun. on the dorsolateral surface of ray The irregularly arranged 
radial plates, and to a less extent the adradial plates, carry, in addition to the principal 
spine, which is thick-set, ciavate or capitate, and longitudinally striated at the globose 
or suhtruncate tip, three to seven smaller but usually relatively slenderer accessory 
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spines, not uniform as to size or arrangement. These are, when perfect, also some- 
what grooved at the top and beset with unequal points. Some of the radial plates 
have eight or nine subequal spines of the minor size, in a group, or in transverse lines, 
and connecting plates also bear a few spines of secondary size. The dorsolateral 
plates, however, usually have but one spine, or at best only one or two small acces- 
sories. In the cotype the abactinal spines are slightly stouter and rather less numer- 
ous than in the type specimen. The maximum number on the radial plates is nine, 
but is usually only five or six. It is only on plates where the spines arc numerous 
that there is any suggestion of the aecrvate or heaped arrangement characteristic of 
acervata. Even this suggestion is not at all striking or conspicuous. Just above the 
supcromarginal plates there is a noticeable zone free from spines on the proximal half 
of the ray. 

The supcromarginal spines, proxiinally one to a plate, and separated for about 
the length of the spines, form a regular lateral row, which rises to the level of the 
abactinal surface at the interbrackial angle so that here the intermarginal zone widens 
abruptly. The spines are stout, subcylindrical, cither slightly tapered or slightly 
clavatc, blunt, about 3 mm. long, and a little weaker than the nearest dorsolateral 
spines. There are about 50 supcromarginal plates, and those near the end of the 
ray usually hear two or three stubby tubercles similar to the abactinal, while sporadi- 
cally a proximal plate carries two spines. 

The infcromarginal spines arc very similar to the superomarginals though a 
shade longer, and a few of the proximal plates quite irregularly carry two or even 
three spines; the distalmost plates usually bear but one. The intermarginal zone is 
conspicuous and at the broadest part of the ray is about twice as wide as the length 
of the supermarginal spines. Just below the inferoinarginal spines which arc on 
the actinolateral angle or curvature of the ray, is another narrower, spineless zone, 
and then follow two series of actinal spines, somewhat stouter than the inferomarginals 
the outer of which reaches the cud of the arm, while the inner extends about three- 
fourths the length, measured on side. 

The adambulacral plates follow closely after the inner actinals and arc rather 
crowded, there being about 33 to 10 inferoinarginal plates at the base of the ray. 
The normal arrangement is one and two spines to a plate alternating, the single spine 
standing in line with the interval between t lie two of adjacent plates. The inner 
spine of these alternate plates is slenderer than the others, tapered and is carried on 
the angle between the actinal and furrow surfaces of the plate. The furrow spine is 
2.8 to 3 mm. long, the others, which arc untapered to very slightly so, a trifle flat- 
tened, and blunt, arc 3.2 to 3.S nun. long. The first 10 or dozen plates beyond the 
udoral carina of contiguous adnmbulaerals usually cany two spines each, after which 
the regular arrangement becomes fixed. 

The mouth angle is formed of the mouth plates followed by four pairs of con- 
tiguous adambulaerals, each of the latter carrying a single spine. This oral carina 
is rather narrow, and its length about equals the width of actinostome. The entrance 
to the furrow is narrow. The mouth plates bear each three spines, a somewhat 
flattened truncate or round-tipped one directed over actinostome, a small one guard- 
ing the mouth of furrow and carried on the inner furrow angle of plate, and a much 
longer tapered suboral 3.5 to 4.5 mm. in length. (PI. 34, fig. 3.) 
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Tho papulae could be determined liv softening ft ray of the mtvpe. Almetinallv 
at the base and middle or ray there are If* to 25 in the larger skeletal meshes, and 10 
in the small; in the intermarginal meshes, \\ to It); in areas between the in fern marginal 
and lirst actinal plates, live or six; between the two series of aetinal plates, three or 
four; and adjacent to the ndambulaerul plates, proximally two or three. 

Two kinds of pedicellariae, straight and crossed, are present. The straight 
pedicellariae are numerous, small, and prnetienlly all of one form, ovate or broadly 
lanceolate, obtuse, as seen in profile. They are thieklv scattered all over the ahnetinal 
surface, intcrmnrgiiinlly, netinally, and, with small crossed pedicHlariae, form half 
wreaths on the in feroma rhinal, aetinal, and subambnlaernl spines, and eonspieuous 
clusters on the furrow spines (of alternate plates). A few ipiite small ones are found 
on the furrow face of the adambulacral plates, and clusters are present on all of the 
mouth spines. Tho largest are found in the intermarginal channel where they are 
commonly 0.5 to 0.05 min. long at the base of ray. Those on the aetinal plates and 
spines are a little smaller, while the numerous adambulacral ones are 0.3 to 0.375 mm. 
long. The ahactinnl straight pedicellariae are 0.3 to 0.5 min. long as a rule. As 
shown by the figures, these pedieollariao are of a simple generalized form with rather 
irregular minutely denticulate edges to the jaws. Xo trace of specialized unguieulate 
pedicellariae could be discovered. 

The crossed pedicellftriac are (piile small, mostly between 0.2 and 0.3 mm. in 
length and form clusters or wreaths around the base of t lie ahnetinal and supermargi- 
nal spines, and are scattered also on the surface of plates at a distance from spines. 
Mingled with the straight pedicellariae, they form half-wreaths or bouquets on the 
outer side of the inferomnrginnl and aetinal spines, and a few fire found in the ndnm- 
bnlftcral clusters, where tho straight pedieollariao greatly predominate. The exact 
form of these pedicellarine is host appreciated from figures as there is some variation. 
(Compare with pedicellariae of L. polari .s\ L. poIaris acervata and formne.) 

The mndrcporic body is conspicuous, 5.5 mm. in diameter, very slightly convex, 
with rather fine branched, radiating grooves or striae. The center of the madreporite 
is about 0.4 r from the ('enter of disk. 

Anatomical notfs . — The cotype was softened for cleaning and one ray removed. 
Tho gonads although shrunken appear to have been voluminous. They are attached 
to the interbrarhiul septum about midway between the dorsal and ventral surfaces 
of the body, considerably below tho level of the upturned line of supermarginal plates. 
The gonoduet appears to turn downward hut whether it opens intermarginally or 
uetinally can not be determined. 

The dorsal skeleton, that is, all the plates above the supermarginal*, is very 
irregularly reticulate. The primary spine-hearing plates are usually irregularly 
three or four lohed. These are rather outnumbered by elongate or faintly lobate 
plates of diverse sizes which might roughly be classed as connectives. A portion of 
the ahnetinal skeleton from the radial region of the cotypo is figured on Plato 34 
Figure 2. This is from the roelomie side. Just above the superomarginnl plates 
(pi. 31 fig. l v) is a row of elongate transversely oriented connectives, between which 
are large papular ureas generally well supplied with straight pedicellariae. Tho 
superomarginnl, infcromnrginal, and both series of aetinal plates fire regularly four 
lohed and are imbricated in transverse ns well as longitudinal series Internally, 
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slender, compressed plates hind the superoiuarginnls to tlie plates above (i) and to the 
inferomarginnls, either directly or by a second similar plate, closely joined in vertical 
scries; while one or two similar, smaller plates may continue the series across the 
actinnl plates, attached to their dorso-ventrnl lobes, which arc themselves somewhat 
carinate on the eoelomie side. These plates thus form ridges separating shallow 
pockets along the ventrolateral and lateral wall of the ray, into which the viscera are 
normally crowded. 

The ambulacral ossicles are not especially crowded, there being 12 in the space 
of 10 mm. counting from the outer end of the contiguous oral adambulacral plates 
(oral carina). The form of the pores is shown by the figure. (PI. 34, fig. 1, am.) 

Variations . — The smallest specimen of Gray’s type scries is “376,” or No. 110, 
which has R 70 nun. (longest ray), r 10.5 mm. (Perrier gives 17 mm.), breadth of ray 
at base, 15 mm. It differs from the type and eotype in having a more closely knit 
skeleton, there being fewer and shorter secondary connecting plates. As a result, 
the spiniferous primary plates arc less widely separated, the papular areas are rela- 
tively much smaller than in the type, and the spines arc very much closer together. 
The median radial plates arc larger than the other dorsal plates and the series is 
clearly distinguishable both by reason of the larger size of the plates and by their 
more numerous, close-set, capitate spinelcts. In form these might be described as 
very depressed globose with numerous, fine, rather deep vertical, or meridional, 
striae, and there are 12 or even more to the larger plates, but only five or six are of 
major size, the others being crowded on the periphery. This number is greater than 
is to he found on similar plates of the type. The proximal supermarginal plates 
carry one or two, sometimes three, longer, clavate spines, while the plates of the outer 
half of the ray generally have three or four spines subequal to the abactinals, in a 
transverse, somewhat arcuate, series. The mfcromarginal spines, one or two to a 
plate, are slightly longer and heavier than the supero marginals (especially distally is 
the difference conspicuous) while the outer actinal spines are subequal to the infero- 
marginals. The inner series is only starting, and consists of a few smaller spines at the 
base of the ray. There arc generally two adambulacral spines to each plate, or 
distally two and one alternating. The pediecllariao (pi. 33, figs. 3, 5) are essentially 
like those of the larger specimens. The subambulacral crossed pcdiccllariae have the 
characteristic longer serrulate straight-edged jaw. (Fig. 3a.) 

As previously mentioned, this specimen presents a much more compact appearance 
than does the type. Apparently increase in stature is due primarily to an increase 
in the size and number of secondary connecting plates, resulting in a separation of 
the primary spine-bearing plates and a generally more open skeleton. The Gulf of 
Georgia specimen is less compact than No. 1 10, but more closely knit than the type. 

This is the specimen described by Perrier (1875, p. 69) as Asterias dovglasi. I 
have seen a very similar specimen of L. polaris borealis Perrier from Labrador (U. S. 
Nat. Mus 1370). The resemblance is uncanny. 

Professor Verri 11 (1914, p. 112) has described and figured the specimen from the 
Gulf of Georgia (Museum of Comparative Zoology, No. 1 1S1). Through the courtesy 
of Dr. 11. L. (’lark 1 have received this specimen for study. 1 think it is referable to 
Leptasterias p. lcatherinae } although as might he expected from its smaller size and 
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different habitat, it is not precisely like the type. Its dimensions are: K 85 mm., 
r 18 mm., K -1.7 r; breadth of ray at the widest part, just beyond base, 19 min. The 
rays are not so inflated as in either the type or specimen A, and there is no zone above 
the superomarginals of conspicuous width lit the base of rn\ free from spine*;. The 
ahaetinal spines are typical in form and arrangement and are relatively about the 
size of those of the cotypo, and a trilie larger than those of the type. The supero- 
margimd spines are stouter and a little longer than the adjacent ahaetinal spines, 
whereas in the type and eotvpe the adjacent ahaetinal spines are a t ri fie heavier. 
The distal superomarginals bear a transverse series of three nr two spines, which is 
typical, and occasionally a proximal plate carries an extra spine, or a group of three 1 
smaller spines. The* intcrmnrginnl channel is narrower, as i> also that below the 
infcromargiunl spines. The aetinal plates are in two series and the spines are a little 
thicker than the inforoinarginnls, elnvate and obtuse or pinched at the tip. A few 
of the plates hear n group of three or four smaller spines in place of the single normal 
spine. 

Professor Yorrill writes: “The adnmbulaernl spines are unusually numerous, 
crowded in three or more rows. They stand mostly two on a plate, hut often there 
are three on part of the plates, or alternately two and three” (191*1, p. 113). This 
is misleading since plates with three spines occur very rarely. After considerable 
search I found one on the outer third of the ray, and the third spine is small and 
interpolated between the two regular spines. The mistake probably arose from 
counting the spines of two consecutive plates, since the armature is crowded. Taking 
at random one furrow margin and commencing with the first plate, the spines per 
plate are as follows: live with one spine, then eight with two, then 1 2 1 2 2 1 2 1 2 1 
2 2 1 2 2 2 1 2 2 2 1 2 2 1 2 2 2 1 2 1 2 1 2 1 2 1 2 1 2 2 2 2 1 2 1 2; then 32 plates 
with alternately 2 and 1 ; then 3 12 12 2 1112, etc. 

The ndambulaernl spines are therefore normal for the species. The mouth 
plates may have a second small spine on the* netinostomial margin adjacent to median 
suture. 

The pedicellnrinc, both straight and crossed, are like* those of the type in form 
and are similarly distributed. The ahaetinal crossed pedicellariae are about 0.225 
mm. long while the straight are usually 2 or 2.5 times as long. The latter are very 
numerous, and the largest about 0.G5 mm. in length are found laterally near the base 
of the ray. The ahaetinal podiccllariao are figured. (PI. 33, figs 2 f fi.) The crossed 
pedicellariae seem to have a few more teeth than in the typical form. 

Lcptavicrins ]k kathtrinac seems destined to cause confusion. \ errill (191*1, p. 
112) describes and figures this specimen, No. 1181, ns *•! kathtrinae, but later in the 
same work, p. 17S, records it as Ortha*t<rias merriami and figures (pi. 75, figs. 1 1 d) 
the dorsal, marginal, and ndambulaernl spines, as of merriami. The specimen is not 
merriami, however. 1 suspect there is n mistake in this plate. Figure ] t a, b t and r, 
and Figure lc do not represent typical ordinary dorsal spines of No. 1181 and would 
certainly mislead anyone attempting to use tin* figure for katherinae. The typical 
dorsal spines an* similar to those figured in this work (pi. 33, fig. ID, being stubby, 
elnvate to subeapitate and grooved at the tip. They do not carry straight pedicel- 
lariae on the sides, ns shown in YerrilPs Plate 75, Figures 1, a. b. 
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Type,. — No, 38.7.15.107, British Museum (Natural History). Co types 38.7. 
15.104, 105, 100, 100, 110, 111. The last, kindly presented by the authorities of 
the British Museum will he deposited in the United States National Museum. 

Type locality. — Mouth of the Columbia River. 

Distribution. — Mouth of the Columbia River; Gulf of Georgia, Washington. 

Specimens examined. — Nine, as follows: Mouth of the Columbia River, the type 
series from the British Museum (Natural History), Lady Katherine Douglas, eight 
specimens. 24 Gulf of Georgia, Washington, No. 1181, Museum of Comparative 
Zoology, one specimen. 

LEPT ASTURIAS COE1 Virrill 

Plate 29, Figures 3, 3a, 5, 5a 

Leptastcrias cod Verrill, Shallow- water Starfishes, p. 123, pi. 9, fig. 1; pi 17, figs. 1, 2 
(young). 

Orthasterias merriami Verrill, Shallow-water Starfishes, 1914; p. 177, pi. 18, figs. 4, 5; 
pi. 19, figs. 1, 2; (pi. 75, figs. 1— lc/ refer to L. kathcrinac ) . 

Diagnosis. — Resembling a large 6-rayed L. tenera (Stimpson) with fewer, coarser, 
and shorter spines. R 112 mm., r 17 mm.; R = G.5 r; rays slender gradually tapered, 
well arched; abactinal spines very well spaced, coarse, cylindrical, blunt, surrounded 
by broad mats of pedicellariae; supcromarginals conical, inferomarginals and one 
or two scries of aetinals, longer, subcylindrical, terminally eompressed, blunt or sub- 
truncate; adambulacrals proximally monaeanthid or diplacanthid; over most of ray 
alternately monaeanthid and diplacanthid. 

Description. — Dorsal ossicles broad, strong, convex, and firmly united, with small papular 
spaces intervening; spines well spaced, conspicuous, stout, but not very long, cylindrical or a little 
tapered, obtuse. They stand singly on the ossicles and arc surrounded at base by large wreaths of 
pedicellariae. They form an irregular radial row and two or three indistinct or imperfect rows 
each side of it, with smaller spines interpolated. The upper and lower marginal spines form equal 
regular rows, one spine on each plate. These spines are larger and longer than the dorsals, mostly 
conical and subacute; those of the lower series are distinctly longer, especially near the base of the 
rays. Those in the upper row bear large dense, complete wreaths of pedicellariae; those in the 
lower row have them only on the upper side. The two rows are separated by a naked ehannel which 
becomes wide proximally and bears large, ovate major [straight] pedicellariae, clusters of minor 
[crossed] pedicellariae, and a row of papular pores. At the base of the rays are two close rows of 
actinal spines, similar to the lower marginals. Of these the outer row is close to the marginal, but 
with small intervening papular pores, and it extends nearly to the end of the ray. Its ossicles are 
rounded, convex, and nearly as large as the marginals. The inner row extends about half the 
length of the ray. Many of the actinal spines are flattened or acuminate at the tip; others are 
obtuse. 

The adambulaeral spines on the middle and distal plates stand one or two to a plate, alternating 
irregularly, but on the proximal fourth of the my they are mostly one to a plate. They are rather 
stout, shaped like the actinal spines, but smaller and shorter, varying in size, mostly obtuse, but 
the smaller ones often acute. Toward the mouth they become longer, more slender and subacute. 
The peroral [actinostomial] spines are large and strong and nearly meet over the mouth. The 
two apical peroral spines, which arc much stouter than the adorals, but not so long, are straight, 
tapered, a little flattened, obtuse; the smaller side-spine is about half as long, but of the same 
shape. They bear small, ovate, forfieulate (straight] pedicellariae. The epiorals and adorals are 
similar in form, distinctly longer than those farther out, slender, terete, and evenly tapered. The 

14 The types have considerable sand adhering which might be described as dark gray, as it consists ol blackish and translucent 
(quartz ?), somewhat water-worn grains. Possibly it is only beach sand. 
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ndornt cnrina consist# of three pnirs of closely contingent plntcs besidrn the orals. Ijirge ovate, 
major pediceUariae occur between (he iuteractinal spines. (Vcrrill, pp. 177, 178, 0. mrrriami. 

I have examined the typo of Orthastfrias incrriatni figured by Verr'ill on Plate IS, 
Figures *1 and 5, and the cotype, Plate 10, Figures 1 and 2 (Vcrrill, 1014). The 
pediccllnritic and spines (inured on Pinto 75, Figures 1 to \rf, do not belong to a spoci- 
men of this spoeios hut to L. kathcrinae. The speeimen in question, No. 11X1, 
Museum of Comparative Zoology, 1 have examined. It appears to he true kathrnnar 
and it is so listed (under yl.v/c/uu.v) bv Professor Yerrill (p. 112). The record of 
merruitni from the Gulf of Georgia, based upon tin* same specimen, is therefore an 
error (Vcrrill, p. 17S). 

1 have quitted VerrilPs description of the type of Orthn#t< rins mrrrlntni heeatise 
my three specimens from Shelikof Strait are smaller, and were taken at some distance 
from the type locality, Glacier Bay. 

The supermarginal spines of the type are slender-conical (1.75 mm. long) and 
are noticeably smaller than adjacent dorsolateral spines, while the inferomarginals 
(about 3 nun. long) are not at all conical hut rather compressed-cylindrical, only 
slightly tapered, with a blunt or suhtruneate tip. The actinal spines ha\o the tips 
more compressed and often ehisel-shnped or slightly gouge-shaped. 

In the cotype (Berg Bay, Glacier Bay) the proximal adnmbulaernl plates are 
nearly nil diplnennthid, the furrow spine of alternate plates being slenderer, and set 
a little farther into the furrow. Near the end of the ray t lie plates are alternately 
monaeanthid and displaeanthid. The nhaetinal spines show a slight fluting, well 
marked on the proximal enrinnls. It is only faintly visible on some of the spines of 
the type, which, however, is not so well preserved. 

Crossed pcdicctlnrinc are very numerous and occur in broad hands surrounding 
t lie nhaetinal and superomnrginnl spines as well as in thick clusters on the outer 
side of t ho inferomarginal and actinal spines Mixed x\ i t li straight lanceolate pedi- 
eellariae they form small clusters on the adnmbulaernl spines. Between the primary 
nhaetinal spines there are numerous small clusters attached to smaller plate** while 
secondary nhaetinal spinules, smaller than the conspicuous primaries, carry corre- 
spondingly small wreaths. The nhaetinal pedicellariae measure 0.30 or 0.31 mm. 
long. (Bl. 29, lig. 3.) Those of the ndamhulaernl plates are of about t he <mue size 
hut somewhat different form, as is usual. (1M . 29, lig. 3a.) 

The straight pedicellariae (pi. 29, ligs. 5, 5a) are small (about 0.5 mm. long) 
compressed, ovate, or broad-lanceolate. They may lmve even more coriipre^ed 
jaws than those figured and are very diminutive as compared to the broad-toothed 
ones of L. cor! truculentn. The largest speeimen from Shelikof Strait station 
4292) measures R 03 mm., r 12 mm., the rays being slender, tapered, and of about 
the same form as those of the type of tnrrrunni figured by Vcrrill. 

The pedicellariae have the characteristic form, hut the straight are slightly 
longer (0.7 mm. in the intermarginal channel). Some of them have two or three 
teeth, although the jaws are narrow. None of the intcrmarginal or actinal straight 
pedicellariae approach the large size and breadth of valve characteristic of true ileuta. 
The abnctinnl straight pedicellariae are quite typical, of a compressed broad-lanceo- 
late or ovate form, with only a slightly eremduted distal margin. The nbaelimd 
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straight pedicellariae, like those of the type, measure about 0.28 mm., while the 
adainbulaeml measure 0.25 mm. 

These specimens have the characteristic heavy apical oral spine, each angle 
pair with a small companion at each side. Tho first 9 or 10 adambulacrals are 
mostly monacanthid, the rest alternating monacanthid and diplaeanthid. There is a 
single" row of netinal spines extending about half the length of the rays and the carinal 
spines arc conspicuously heavier than the dorsolaterals. Both sorts are subcylindri- 
cal, not long, with rounded very finely striate tips. The coarsely striated madre- 
porito is slightly adcentral to the middle of r. 

The type of L. cod was taken in Berg Bay, 10 fathoms, and is figured by Verrill 
(1914) on Plate 17, Figure 1; the cotype of Orlhasterias merriami was taken in 10 
fathoms, Berg Bay (it is labeled “Berg Bay, Glacier Bay”). Another smaller speci- 
men of cod is figured as the type on Plate 9, Figure 1, and as cotype on Plate 
17, Figure 2. Unfortunately, neither specimen of cod can be found in the Yale 
Museum. 

I think L. cod } the type of which measured only R 30 mm., is undoubtedly a 
young form of the cotype of 0. merriami The cotype of merriami seems not dis- 
tinguishable specifically from the type (from off Juneau, Alaska, 20 fathoms). If the 
types of coei are really lost, as seems probable, the species will have to rest upon the 
type of merriami. The name coei has page priority over merriami. 

Type . — Yale Museum (probably lost). 

Type locality — Berg Bay (Glacier Bay), Alaska, 10 fathoms (Harriinan Alaska 
expedition). 

Distribution . — Juneau to Shelikof Strait, Alaska, 10 to 102 fathoms. 

Specimens examined . — Off Juneau, 20 fathoms (type of merriami). Berg Bay, 
Glacier Bay, 10 fathoms (paratype of merriami). Station 4292, Shelikof Strait, 94 
to 102 fathoms, blue mud, fine sand, bottom temperature 39.8° F. (three specimens). 

LEPTASTERIAS COEI TRUCULENT A. new subspecies 

Plate 24, Figure 3; Plate 25; Plate 20; Plate 29, Figures 1, 2, 4 

Diagnosis . — Rays six; size large; in general appearance similar to L. coei (adult) 
but with more numerous abactinal spines, on the average longer; without conspicuous 
interspinal clusters of crossed pedicellariae, either alone or surrounding small second- 
ary spinelets (these having developed into primary spines); with numerous very large 
abactinal, intermarginal, and actinal straight pedicellariae, having oblong to squarish 
coarsely toothed jaws, in addition to smaller compressed ovate ones; abactinal spines 
finely to coarsely fluted. Rays long, rather slender, arched in alcoholic specimens; 
disk small; interbrachial angles very sharp; skeleton well covered by opaque skin, 
and abactinal spines with a thick pad of pedicellariae which in alcoholic specimens 
frequently touches that of neighboring spines; spines upright bristling, rather uni- 
form^ spaced, robust, the abactinal without definite serial order, but the marginals 
and actinals (one to three series) in regular, rather close series. R 220 to 225 mm., 
r 30 mm., R=7.3 r; breadth of ray at base 30 mm. (type). R 121 min., r 19 mm., 
U = G.3 r; breadth of ray at base 20 mm.; station 4777. 
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I)f*cr!ption. Abaetinal spine* well spaced, prominent, cylindrical at tin- ba*e, 
with a '•lightly swollen, longitudinally striated conical or acorn— Imped round tipped 
to subacute distal half. The eurinaU arc usually di*tingm»liuble by being a little 
closer together rather than by superior d/e; but often they an* not distinguishable 
from the other spines. The relative thickness and form of the spines is decidedly 
variable'. Sometimes they are fairly short and robust, the acorn-shaped portion 
occupying almost the entire length; or the spine is distinctly styliform The large 
type from Captains Bay has coarsely grooved subacute, unusually widely spaced 
spines which in the dried condition appear ^lender-conical. The platen are distinctly 
convex, which adds to the apparent length of the spines of this specie. The dorso- 
lateral spines are not in regular longiseries, not in quincunx, but for short distances 
sometimes stand in longiseries or oblique series. There are the equivalent of about 
three to live longiseries in grown specimens. 

Supcromarginals cylindrical, tapered, bluntly pointed, loss often obtuse, some- 
times asymmetrical or even a t ri lie bent at the tip, winch is also usually a trille 
swollen. The spines stand regularly one to n plate, arc a little longer than the 
abactinals, and the series curves upward to the nbaetinal surface at the intcrhrnehial 
angle. Intormnrginnl channel narrow, definite, very well marked. 

lnferomarginal spines still longer than the supcromarginals (3 to f> mm. in 
medium-sized to large specimens), cylindrical at base, tapering on outer half, and 
finally at the tip sometimes decidedly compressed, blunt or subtruncato. Most of 
the terete spines arc bluntly pointed. 

Aetinal spines in one to three series (according to size), similar to the inferomar- 
ginnls with which they also form transverse combs, the narrow intervals between the 
series being subequal. In average sized specimens, the outer row' of aetinal plates 
extends to within a short distance of the ray-tip while the second series reaches up- 
ward of two-thirds the length of ray (R = 124 mm.). A specimen from station 4777, 
with R 114 mm., has only a single series of aetinal spines, which is exceptional. In 
the very large type from Captains Bay there are three series of aetinals to the middle 
of ray, and two nearly to the end. (RI. 20, «,* a 3 a. 3 ) 

The ahactinal skeleton is irregular, the plates overlapping broadly by their 
throe or four usually unequal asymmetrical lobes. The marginals and aetinals, on 
the contrary, build very regular series and imbricate longitudinally and transversely 
very strongly. The entire width occupied by the aetinal and marginal plate* is much 
less (about two-thirds) than the breadth of the dorsolateral area. The marginals 
and aetinals are proximally asymmetrically four lobed, and beyond the proximal 
fourth of ray become longer than broad, and appear superficially more often three 
than four lobed. The central portion of the plates is strongly convex. 

Papular areas relatively small (those just above supermarginal* largest), three 
to six, or more papulae to an area abaetinally where they are not conspicuous owing 
to the thick mats of crossed pedieellariae surrounding spines. There is an intermar- 
ginal series of areas, and one to four aetinal series, proximally, to one to three distallv 
according to size of specimen. 

Adninbulneral plates compressed, about 33 to 10 inferomarginals at middle of 
ray. The armature is ideally alternately monaeanthid and diplaeanthid, but the 
regularity is disturbed at base of ray where the plates of ail oral enrinn and a few 
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following are usually lnonacanthid. Jn the ver 3 r large type most of the plates are 
diplacanthid. The furrow spine of diplacanthid plates is shorter, slenderer, and 
more obviously tapered than the others which are terete, slightly tapered near the 
blunt tip, sometimes slightly compressed. In nicely killed specimens the spines 
appear to form three longiseries at margin of furrow since the slenderer furrow spine 
of diplacanthid plates is advanced into the furrow; its companion spine forms the 
outer series, the middle being composed of the single spines of alternate monacal) thid 
plates. Adoral Carina composed of three or four contiguous postoral adambulacrals, 
the single spines of which are appreciably longer than those following. 

Mouth plates with a conspicuous apical, tapered, blunt or subacute spine (with 
a small lateral companion) longer than the median suture, and a long slender tapered 
suboral spine almost identical with the first few adambulacral spines, though a 
trifle longer. 

Crossed pedieellariae (pi. 29, figs. 1, la-le) are very numerous, 0.29 to 0.31 mm. 
long, in conspicuous wreaths (one to four tiers of pedieellariae broad) surrounding 
abactinal and supermarginal spines, and scattered singly or in groups of two or 
three among the papulae (type); in fairly large clusters on the outer side of infero- 
marginal and actinal spines (along with straight pedieellariae in largest examples); 
mixed with compressed broadly lanceolate straight ones, in clusters, on the outer 
side of adambulacral spines. The last differ in form from the abactinal, being slightly 
smaller (0.27 mm.) with a larger terminal portion to jaw, as seen in profile. (PI. 29, 
figs, la, 1 d.) 

Straight pedieellariae numerous, large. (PI. 29, figs. 4, 4a-4/.) The abactinal 
vary greatly in size and form, some having broad squarish dentate jaws, others 
narrower dentate jaws with two or three teeth; still others are small, compressed, 
ovate, edentate, as in coei. The intermarginal and axillary channels are conspicuously 
provided with broad-valved toothed pedieellariae (upward of 1.25 mm. broad and 
1.5 min. high), veritable giants compared with the same armature of coei. Similar 
but somewhat smaller ones are found among the actinal spines, where also there are 
still smaller, compressed, ovate or broad-lanceolate pedieellariae without obvious 
teeth, together with intermediate stages between the two. Some of the latter migrate 
upon the inferomarginal and actinal spines in the largest example (Captains Bay). 
The largest pedieellariae are much broader than the spines in small and medium-sized 
examples and vary somewhat in number, but are always numerous. Ovate com- 
pressed pedieellariae occur abundantly on the adambulacral and oral spines, and very 
small ones singly or in clusters on the furrow face of the plates. The difference in 
size between these and the intermarginals is enormous. 

Madreporic body conspicuous with fairly coarse striae, situated at nearly mid r. 

Tube feet fairly large, crowded in four series. Actinostome small, rather sunken. 

3 ountj . — A specimen with R 28 mm., was taken with adults at station 4777, 
and resembles the larger examples, but has only a few actinal spines at base of ray. 
I he characteristic largo pedieellariae arc well developed. The next size with R 67 
nun. is adult, in respect to spines and pedieellariae. 

Anatomical notes . — The gonads (not mature in any example examined except 
the large one from Captains Bay) are attached to the interbrachial septum on a level 
with the inferomarginal [dates, just a few millimeters adcentral to the interbrachial 
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angle. The duet passes between the dorsal lobes of two inferonmrginal plates, turns 
distad and slightly downwards, to open in the axillary channel on a level with the 
inferomarginnl plates, or slightly below. There are two pulpy prominences close 
to the innermost (reduced) inferomarginnl spine and usually guarded by large straight 
pedicellariae, which mark the opening. They are situated on the actinal surface, as 
viewed from below, but close to the margin. (PI. 26, g.) 

The interbrachial septum is firm and thick (calcified) and extends about two- 
thirds of r toward the center of disk. 

Type. — Cat. No. K 1492, U.S.N.M. 

Type locality. — Bulge, Captains Hay, Unalaskn, ISSO. \\\ II. Dali, No. 1749 
(l specimen). 

Distribution . — From Unalaska to Semisopochnoi Island, Aleutian Islands. 

Specimens examined , — in addition to type, 17 from: Station 4777, Petrel Hank, 
Boring Sea, northeast of Semisopochnoi Island, Aleutians, latitude 52° 11' N., longi- 
tude 179° 49' K., 52 to 43 fathoms, fine gravel, three specimens. 

Station 4779, same locality, 54 to 56 fathoms, broken shells, pebbles, sand, 14 
specimens. 

CAMTSCHATICA SECTION 

The species of this section are, so far as known, restricted to the coasts bordering 
the north Pacific and southern Bering Sea. On the Asiatic side they have not been 
recorded south of the Kuril Islands and on the American coast south of Santa Cata- 
lina Island, Calif. 

All the forms are very variable. Species lines are extremely indistinct, some- 
times hardly recognizable. For this reason descriptive terms have to be handled in 
n relative manner, and figures are indispensable. Most of the species are a composite 
of small varieties or formae. Some of these forms perhaps represent incipient species. 
Most of the species have paucispinous and multispinous phases, as well as coarse- 
spined and slender-spined formae; rays slender, medium, or robust. Various com- 
binations of these extremes and their seemingly endless intermediate stages occur. 
Even with a large series it is not possible to satisfy one>elf of the systematic position 
of every specimen. It is not expected therefore that this treatise will sulliec to 
allocate every isolated specimen of which the name is required. Nor do 1 admit that 
a few apparent exceptions will invalidate the whole systematic arrangement. The 
careful investigator will find many of his perplexities anticipated in the following 
pages. 1 have found this group more dillicult even than the polar is section. 

The following is a list of the names which havo been applied to or intended for 
species of this group, in order of their priority. 

Astcrias camtschatica Brandt, Hrodroimis, 1835, page 270. Kamchatka This 
appears clearly to apply to the common 0-rayed Kamchatkan [sptastcrias. Isptas- 
terias camtschatica . 

As/crms h exact is Stimpson, 1862, page 272. Puget Sound. Types in the 
(United States National Museum; studied. Isptastcrias h exact is forma hcxactis. 

Astcrias acqualis Stimpson, 1S62, page 273. Monterey, Calif. Type in United 
States National Museum; studied. Is ptastcrias acqualis. 

Astcrias vancouveri Perrier, 1S75, page 64 Puget Sound. Type in British 
Museum; studied. L. hcxactis vancouveri. 


90 


HULLET1N 7C, united states national museum 


Astcrias macropora Verrill, 1909a, page 65, Figure 10. Alaska (see below). 
Name has status only by bare technicality. Stenasterias macropora . 

Astcrias epicJtlora Verrill (not Brandt), 19095, pages 544, 549. See below. 

Astcrias epichlora variety alaskensis Verrill, 19095, page 549. No type locality; 
no type. See below. 

Astcrias mvlticlava Verrill, 1914, page 114. Bering Island, Commander Islands. 
Type in United States National Museum; topotypes studied. Synonym of L . 
ca mtschatica. 

Lcptasterias aequalis variety compacta Verrill, 1914, page 130. Pacific Grove, 
Monterey Bay, Calif. Type in Yale Museum. Synonym of L. aequalis forma 
aequalis. 

Lcptasterias aequalis variety nana Verrill, 1914, page 132. No type or type 
locality. L. aequalis forma nana. 

Lcptasterias aequalis variety concinna Verrill, 1914, page 132. Monterey Bay, 
Calif. Type in Yale Museum; studied. Synonym of L . aequalis forma aequalis . 

Lcptasterias epichlora Verrill (not Brandt), 1914, page 132. Sitka. Verrills 
epichlora covers part of L. hexactis and L. alaskensis. See below. 

Leptastcrias epichlora alaskensis Verrill, 1914, page 136. Dutch Harbor, 
Unalaska. (PI. S5.) Typo missing from Yale Museum, 1927. Name restricted to 
L. alaskensis; used by Verrill for alaskensis , multispina, and hexactis, part. 

Lcptasterias epichlora alaskensis variety carinella Verrill, 1914, page 137. Sitka 
and Dutch Harbor; Dutch Harbor herewith designated as type locality. No speci- 
mens in Yale Museum, 1927. Believed to be young of L. alaskensis . 

Lcptasterias epichlora alaskensis variety sidcrea Verrill, 1914, page 137. Several 
localities, Sitka to Dutch Harbor. Yakutat herewith designated as type locality. 
Type figured, but neither it nor any other example in Yale Museum, 1927. Lept - 
astcrias hexactis forma sidcrea. 

Leptasterias epichlora miliaris Verrill, 1914, page 13S. Cape Fox, Sitka, Alaska; 
Queen Charlotte Islands. No figure; no specimens in Yale Museum, 1927. A young 
form, said to resemble L. aequalis; possibly the young of L. hexactis forma plena . 

Leptasterias epichlora miliaris variety regularis Verrill, 1914, page 139. Cape 
Fox, southern Alaska. Authentic specimen seen at Yale Museum. L. hexactis forma 
regularis . 

Leptasterias epichlora miliaris variety suhregularis Verrill, 1914, page 139. Sitka, 
Alaska. Not figured; no specimen in Yale Museum, 1927. Possibly the same as 
regularis; or a 6-ray ed Evasterias troschelii. 

Leptasterias epichlora miliaris variety subnodulosa Verrill, 1914, page 139. 
Wraugel, Alaska. No specimen in Yale Museum, 1927. This is almost certainly 
young Evasterias troschelii. 

Leptasterias epichlora plena Verrill, 1914, page 140. Vancouver Island. Type 
in \ ictoria Memorial Museum, Ottawa; studied. L. hexactis forma plena. 

Lcptasterias epichlora pugetana Verrill, 1914, page 142. Puget Sound. Type 
from University of California. This is a variation of L. hexactis forma regularis. 

Leptastcrias (?) dispar Verrill, 1914, page 142. Dutch Harbor, Unalaska. Type 
in ^ ale Museum; studied. Leptastcrias camtschatica dispar. 
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Stc wisterias marropora Vcrrill (A.vb rias marropora 1909), 191 4 , page 145. Sitka; 
Queen Charlotte Islands. Stated, 191J9, to be 5-niyed, and 1914, 0- rayed ; H 15 min. 
Xo specimens in Yah* Min'iiiii, 1927. Probably does not belong in thin section. 

It is extremely unfortunate that Yerrill resuscitated Brandt's A^ttria* epielJoru 
for any G-rayed sea star. Brandt distinctly says that his specie* Ls 5 raved, and to 
assume that he had a 5-ray ed variant of a normally G-rayed species is to <t retell 
probability too far. After examining literally hundreds of specimens of L. ala.skmsis, 
L. catntscluiiira, L. hrxactis, and n apt alls and their various formae, I have found 

exnetly one 5-rayed L. h exact is forma a* pern (Kodiak). 

It is probable that Brandt had a young Drastrrias tn^rhelii forma nlcrnlata. 
Yerrill himself described small examples of this form as variety subnodulnsa under 
Leptaster ias epichlorti. Many years ago Doctor Stimpson restrieted epicljora to 
what I have called /'.'raster ins /fwc7«7n f alreolata. 1 think he was right, lie knew 
that voting alreolata is sometimes green. 

All of the examples of YerriH’s “ epirhlora " which I was able to find at Mu* 
Yale Museum in 1921 and 1925 (Sitka, Wrangell, Cape Fox) are referable to L. hex- 
actis forma regular is and aspera. One specimen of L. alaskensis labeled Sitka, 
is certainly not from there, but probably from west of Kodiak Island. The straight 
pedicellariae are unmistakable. 

In view of all this uncertainty it is best to discard the name tpirhlnra , If it 
were referable to a G-rayed Lr plaster ias, the probabilities would la* in favor of /,. h/* 
art is forma rcgiihiris , 

l.KCTASTKKlAS CAMTSCM VTICA Unndt 

Plate 12, Figures 1, In 17: Plat** *19. Figure 1 

Aftertax cam tchahcn Biundt, I’rndroiiiu*, IMio, p 270 Kamchatka - Si \di.n, Clmllt : c< r 
A«ten»i«lra, lsv.*, p. S20. 

Astt racaiJt.i nr* cam!schat*cun Biundt, in Mi«Mi n7< rfTs I?i ’* • , \ 1. 2. ISoI, p. 32. 

? Ant* racantltioTi enmtsef cticus (Irche, Ni mi Acta Acad C;.*"** l.e p. Cam! Nat Pur, 
vol, 27. 1S57, j) 23. 

.lutcnViA rnuiticlnva Vlrkii.u Shallow-water SlnrfiM rs, 1.M4, p. Ill, ]>l 5S, fg. 2; pi 5°, 
fig. 1; pi. fit), fig. I; pi. st, figs. 2, 2a. 

Lrftastcrias camtmchaticn Fisithit, Ann. Mag. Nat. Hist., ,«er. 9, vnl. 12, 11*23, p. 59‘J. 

Diagnosis. Kays six, of medium width and length. tapered rather c\enly 
H G2 mm., r 14 mm., r-4.4 r; breadth of ray at bast*, about 15 mm. A small Specii < 
differing from L. alaskrnsis \ mill in the presence of a nearly complete serh * of 
actinal plates and spines, together with a short second series at base of ray; in the 
more regular arrangement of tin* spines and papulae of the lateral parts of the abae- 
tinal area; in t lie* size and form of the straight pedicellariae, which are small, com- 
pressed, and lanceolate or ovate, not large with broad obtuse denticulate jaws. 

Desrrijftion . — Abnctinal spines short, fairly robust and of nearh uniform hngth 
(0.45 to 0.55 mm.), with denticulate capitate tips, the denticles arranged more or 
less in definite rows, or without serial arrangement. Spine* typically in rather |>oorl\ 
defined longiscrics, except for tlm>e bordering a conspicuous supramarginal channel 
which usually form a very regular longiseries The caiinal plates each carry s< \ « ral 
spines so that the midrndial line is occupied by a series of small crowded groups 
of spines, somewhat larger than the others Between these and tin* regular lateral 
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series there is sometimes one zigzag series, or two, or the space wa) bo tilled with 
spines not regularly arranged. Those of disk form small groups, or stand singly, 
but are not typically nccrvatc. 

The papular areas are in more or less distinguishable longiserics abaetinally. 
Those occupying the supramarginal channel form a fairly straight row. I wo others 
between this series nnd the carinal plates can be made out in some specimens 
six for the abactinal area (Petropavlovsk, Kuril Islands). In two specimens from 
Mcdni, Commander Islands, the central area of ray is broken up and irregular. 
One series of intermarginal areas; proximally two series and distally one of actinal. 
Areas small, two to five papulae each. 

Supermarginal spines two, capitate, striate, sometimes a trifle larger than the 
dorsals, forming a regular duplicate longiserics rather high on side of ray, with the 
conspicuous supramarginal channel above and an intermarginal channel below. 
A specimen from Petropavlovsk has an arcuate vertical series of three spines on 
most of the plates. The marginal series of plates bend upward at the base of the 
rav, and the upper series of spines, which border the abactinal surface, passes inward 
on the interradial line, adjacent to the same series of the neighboring ray. 

The inferomarginal spines are usually one to a plate proximally and two dis- 
tally. They are cylindrical, or slightly clavate, round-tipped, and are distinctly 
heavier and longer than the superomarginals on the proximal half of the ray, but 
only a trifle larger distally, where the lower of the two spines is sometimes longer 
than the upper. In this case the upper is subequal to the superomarginals. There 
are two series of actinal spines (and two scries of plates), the outer extending three- 
fourths to nearly the whole length of the ray, while the inner reaches to the middle 
in large specimens (R 47 mm.). 

The first five to eight adambulacral plates carry a single, slender, rather long, 
terete slightly tapered blunt spine, followed by a very variable number (usually 
few) which have mostly^ two spines. Then the plates have one and two spines 
in fairly regular alternation; or less often mostly one spine with diplacanthid plates 
irregularly scattered. Beyond the first half dozen adoral plates the spines become 
shorter and thicker, often clavate, with the exception of the alternate furrow spine 
of diplacanthid plates, which is generally decidedly slenderer than the others. It 
is, however, frequently of the same clavate, or club-shaped, form as the others. 
The first three pairs of adoral adambulacral plates are in contact interradially ; 
the first two plates are longer than the succeeding plates by about 30 to 50 per 
cent. 

Mouth plates very similar to those of alaslcensis and typically there are three 
spines, two at the inner apex and one at the actinal surface. Sometimes the shorter 
of the apical spines, which corresponds to the furrow spine of diplacanthid adambul- 
acral plates, is lacking. The longer, that adjacent to median suture, is about as 
long as this suture, or a little shorter. The two spines of a pair are frequently dis- 
similar in length. The suboral is slender, tapering, and upwards of twice the length 
of the apical spino. 

Straight podicellariae (pi. 42 fig. 1c) inconspicuous and few abaetinally, outside the 
supramarginal channels. They are broadly lanceolate to ovate, sharp to blunt, and 
measure 0.3G-0.46 mm. They are very inconsiderable in size as compared to the 
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spines mid are so mnch smaller and different in form from the corresponding ones of 
alasknisis that they furnish a convenient diameter for identification There is the 
usual cordon of small pedicellariae along the furrow face of the adambulacrals, as 
well as on the oral and first six or eight adamhulaeral spine> 

Crossed pedicellariae (pi. T2 (ig. \b) are small, blunt, with a rather extensivo 
terminal lip. They measure about 0.2 to 0.20 mm. in length abactinnllv, where 
they form a sparse series around the spinelets or occur only here and there on the 
integument between (Mcdni). They form wreaths on the supcromnrgimds and 
clusters on the outer (upper) side of infernmarginals, aetinal and adamhulaeral 
spines. 

Madrcporic body circular, rather small, situated about mid r, anil surrounded 
by a circle of spines. 

Color in life: “Above, deep olive green with the tips of the spines whitish; those 
of the edges very pink/' (L. Stejneger, note on specimen from Bering Island). 

To nut foil.*. — The specimens from the Commander Islands have somewhat less 
regularly arranged ahaetinal spines than have the Kamchatkan examples The 
latter have somewhat broader, more evenly tapered rays, and on either side two 
pretty regular dorsolateral series of spines. 

The three specimens from Simushir, Kuril Islands, are small (It 7, 21, and 25 
mm.) yet the aetinal plates and spines arc well developed in the two larger. These 
and t he small straight pedicellariae ns ill serve to dilFerentiatc the species from L. 
ulaskensis asiatica, with which it is associated. The ahaetinal papulae arc in six 
longiscries, hut the intervening spines are not regular. Many of the dorsolateral 
plates carry two or three spines, while in IVtmpas los sk specimens there is more 
often only one spine, although plates with two or three do occur hen* and there 
The supermarginal, inferomarginul, and aetinal spines of tin* Simushir example arc 
relatively longer and a little slenderer than in either Bering Bland or lVtropavlovsk 
specimens, and there is hut one apical oral spine. Straight pedieellarinc are fairly 
numerous, compressed, lanceolate ovate, obtuse to fairly acute. 

Type locality Kamchatka. * 

Distribution. — Commander Islands. Kamtschatka, and the Kuril Islands. 

Specimens examined.- Fourteen 

Bering Island .( Mmmandor Islands, K. Stejneger, l.Xs3: one specimen Nikolski, 
liering Island, Commander Islands, shore rocks, dime 15. 1900, Albatross t two speci- 
mens. Mcdni Island, Commander Islands, shore rocks. June Id, 1900, Albatross t 
three specimens. lVtropavlovsk, Kamchatka, harbor, August 13, 1S96, June IN, 
l nOf», Albatross , five specimens. Milne Bay, Simushir, Kuril Islands, shore, Juno 
23, 1900, Albatross, three specimens 

Remarks . — Brandt’s diagnosis reads; “Disci diameter circiter polliearis. Radii 
sex conici aenminnti, longitudine vix suhecpiales, pollieis uuius vel lb longitudine, 
anti basin rnulto latiores Totum dorsum uinhrinum vel ochrnceum papillisipie 
pedieellatis, truncato-eapitalis, freijuontihus, albis vel e fuscente tdhidis, rmiumtiU 
roticulatis impositis, in radiis series suhregidares formantilms ohscssum. In niari 
Camtschntieo. M On page 32 of the Reisc, he says: “ Cntersrheidet sicli ilnreh das 
Vorkommen von 0 annen * * * und auf dem Rilcken 0 his 7 Reihen gekopfter 

Starheln tragen, so wie durch dreireihigo diliine Ainhulacral stacheln 
63 tOO — 3U 7 
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It is apparent that Brandt was describing a sinnLl Kamchatkan sea star with 
six tapered pointed rays in which the small, numerous, truncate capitate spines were 
arranged in six or seven sub-regular longiseries. This diagnosis agrees with the 
species under discussion. On some specimens the ndnmbulacral spines appear as 
if three ranked owing to the posture of the spines. The furrow spine of diplacan- 
t hid plates is directed obliquely over furrow, the other obliquely toward the actinal 
spines. These form the inner and outer series, while the middle series is formed by 
the upright spine of the alternate monacanthid plates. 

Yerrill in commenting upon Brandt's description, which he considers indefinite 
and vague, renders “series svbregvlares” “subangular series.” This error obscures 
Brandt's meaning. It seems to me that the description is definite enough. Moreover 
there is no Kamchatkan species, other than the one under discussion, which has six 
rays and the abnctinal spinelets in somewhat regular longiseries. From Brandt’s 
comments in MkldendorfFs Boise (1851, p. 32) he apparently had specimens which 
had been dried without much prior preservation. Grube in fact says (1S57, p. 24) 
that his description seemed to have been made from only dry material. 

LEPTASTERIAS CAMTSCII ATICA DISPAR (Verrlll) 

Plate 42, Figures 2, 3, 4; Plate 49, Figures 2-6; Plate 50, Figure 1 

Leptastcrias (?) dispar Verrill, Shallow-water Starfishes, 1914, p. 142, pi. 16, fig. 7, type; 

1)1. 106, fig. 3 (as acervata). 

This polymorphic race is the representative of Leptasterias camtschatica on the 
Aleutian chain, whence it extends as far as Kodiak Island. It is found in Bering 
Sea at the Pribilof Islands. The name of the race is derived from one of its formae, 
originally described as a distinct species. 

Three phases or formae have been distinguished — nilida, ncsiotis , and dispar , of 
winch the first is the equivalent of the common form of L. camtschatica camtschatica . 
In the Asiatic race only one form lias been observed. 

These three phases are morphologically equivalent to formae found in widely 
dissimilar species. For example they correspond, in the order named, to Pisaster 
ochraceus f. ochraceus , f. confertas , f. nodijems; or to Evasterias troschelii f. alreolata } 
f. acanthostoma , f. troschelii. 

The small type variety of f. dispar does not resemble f. nitida (which is the 
equivalent of L. camtschatica camtschatica). Therefore only forma nitida is useful 
for direct comparison' with true camtschatica , since no equivalent of dispar is known 
for the hitter species. 

However distinct di&par may appear to be when only extreme forms are compared, 
there exists a pretty complete series of intermediato specimens connecting it with 
f. nitida. There is available the alternative of regarding dispar as a distinct species 
which has freely crossed with nitida. Dispar has been taken on the outer part of 
the Aleutian chain where nitida has not yet been found (but where it may never- 
theless occur). There seems to be no necessity of invoking hybridism, for quite as 
dissimilar formae are known in other species of the genus, for example, Leptasterias 
polaris acervata. 
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If these formae 1 1 rood fairly true when isolated I presume it is simply a question 
of terminology whether they he culled formae or spec ies. The fact remains, however, 
that intfrmedinte specimens occur at localities where only extreme examples of dixpar 
(hut not nitidu) have been found (Attn), and also where neither u it id a nor extreme 
dispnr have been collected (Atka and Shumngin Islands). 

In the following description the formae have been listed in the order of their 
resemblance to L. camlschaticn. 1 1 is a taxonomic episode that the rare must have 
a name which connotes a form morphologically so dissimilar to camtschatiai 

Form* NITIOA. new forma 

Flair 12, Figures 3, 3a-3c; Pinto 411, Figure 2; Plan- 50, Figure t 

This corresponds to the typical form of camtschatica. The nhnctiiial spinelets 
are much more numerous and do not form evident longiseries with the exception of 
the carinals which are larger than the dorsolaterals, more crowded, and occur in 
groups, close together, so that a earina) hand of more crowded spinelets ran he 
differentiated. The marginal plates are rather high on side of ray. Just above them 
is a typically narrow, regular channel the supramarginal— containing a straight 
scries of papulae. Between this channel and the edge of the earinnl hand (4 or 5 nun. 
in fully grown specimens) the spinelets are thickly scattered, with a tendency to form 
short transverse lines, especially adjacent to the superomarginals. A few of these 
lines extend entirely across the dorsolateral area and seem in some cases to he con- 
tinued by the superomarginal combs. 

Superomarginal spines three to live, usually arranged in an arcuate vertical 
series of three or four proximally and three or two distally, with occasionally another 
smaller spine on the adond lobe of the plate. The spines arc capitate slightly larger 
or suhequnl to the dorsals, and form a regular series of combs rather high on the side 
of the ray. 

Intermarginal channel narrow. InfcromarginnI spines two ( usually one on lirst 
four or live plates), much more robust and about twice as long as the superomarginals 
The end is usually swollen and turned upward slightly. Two series of actinal plates, 
one reaching 0.x the length of K, the inner about 0.5 K in fully grown specimens 
Spines, one to a plate , similar to the inferomarginal spines The inner series of actinnls 
sometimes extends only a slight distance upon the ray. 

Adnmbulnrral spines similar to those of cnirdschaticti. The lirst four to eighi 
plates have one spine; then a few may have two, followed by two and one in not 
very regular alternation; then on outer part of ray the plates are monacanthid by 
the suppression of the outer spine of diplaeanthid plates. This results in alternate 
plates having only a furrow spine, which is slender and more advanced into tin* 
furrow than the clnvate, suhtruneate subnmbulacral spine of the intervening, original 
monacanthid plates Three pair? of adorn] ndainhulnrrn] plates, as in nimt*tchat!cu f 
are in contact interradially hack of oral plates. 

Mouth plates similar to those of camtschutica. In this forma the outer or smaller 
of the two netinostominl or apical spines is missing. 

Papular areas small, with few papular The nhnctimd do not form regular 
longiseries except adjacent to superomarginal plates. 
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Very small lanceolate pcdicellarinc arc found on the abactinal surluco. Ovate 
to lanceolate acute, larger ones, us largo as 0.8 nmi. long, are found rather plentifully 
in the marginal and actinal channels, on the proximal adambulacral spines, oial 
spines, and along the furrow face of the adambulacrals. 

Crossed pedicollariac, variable in numbers, are distributed as in camtschatica . 
Thev arc frequently abundant infcromarginully and actinallv. The abactinal 
measure 0.24 to 0.27 mm. 

Madreporic plate inconspicuous, partly overhung by the numerous encircling 
spinelets. 

Anatomical votes . — There is nothing peculiar or unusual about the skeleton of 
this form. The carinal plates are conspicuous when denuded and arc imbricated 
directly to form an irregular series. They appear to have been originally four 
lobed; in adult specimens the contour is irregular. The marginal and actinal plates 
have a warped 4-lobed contour, the upper or outer lobe being more advanced toward 
end of ray (transverse axis of plate, oblique). The outer row or aotinals nearly 
reaches the end of ray while the inner attains about the middle, measured on side. 
The dorsolaterals, smaller than either marginals or carinals, are irregular in contour 
and without regularity in arrangement. The intervals of the skeleton are smaller 
than plates on basal half of ray; slightly larger on distal half. 

Variations. — The dorsolateral spinelets become a little more widely spaced while 
the carinal are aggregated into slight convex- differentiated groups. These groups 
are not as prominent as in typical dispar. L. dispar may be achieved by the reduction 
in the number of tho dorsolateral and supcromarginal spinelets. These incipiently 
“acervate” examples are found at Kodiak Island (Karluk) (pi. 50, fig. 1), Unalaska, 
Pribilof Islands (St. Paul and St. George). A number of specimens from St. George 
(pi. 49, fig. 4) exhibit this variation in a marked degree and I have noted them under 
dispar although they arc really perhaps as close to nitida. The spines of the convex 
carinal groups arc closely aggregated. At the base of the ray there arc sometimes 
one or two adradial clusters. Superomarginnls, two or three. 

As mentioned above this incipiently clustered condition of tho carinal spinelets 
is shown by a few specimens from Karluk, Kodiak, which resemble and may perhaps 
be intermediate with L. hexactis {. siderea, which occurs with them, at low tide. 

Type oj jorma nitida. — Cat. No. E1493, U.S.N.M. 

'Type locality. — St. Paul, Pribilof Islands, Boring Sea, rocks at low tide. Col- 
lected by William Palmer. 

Distribidion . — Pribilof Islands, Unalaska, and Kodiak (Karluk). 

Forma NESIOTIS, new forma 

Plate 42, Figures 2, 2a; Plate 49, Figure 3 

This differs from forma nitida in having much more delicate spinelets. Typi- 
cally the carinal spinelets are not any larger or only slightly larger than tho other 
abactinal spinelets and the mouth plates generally have two spines each at the acti- 
nostomial end. 

The abactinal skeleton is sometimes more open than in nitida , tho papular areas 
forming longiscrics of which ono above the supermarginal plates and one on either 
side of tho carinals is evident, while one between these two is likely to be broken up. 
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Potentially there are six longiseries on the abaetinal area. In some variations the 
spinelets are so arranged that a retieulatc or nreolnted pattern is formed. Such 
specimens may he readily distinguished from forms of L. alaskcnxix by the presence 
of a long series of actinal spines and by the small laneeolate straight pedicellariae of 
the sides of ray. 

The number of supemmarginal spines is usually three or four in an arcuate ver- 
tical series. Owing to their smaller size they appear to be more spaeed than in 
nitida. The inforomnrginal and actinal spines are much slenderer than in nitida 
but number the same. 

The laneeolate straight pedicellariae are appreciably smaller than those of 
nitida, measuring 0.3 to 0.45 mm. (PI. 40, fig. 2u.) The abaetinal erossed pedi- 
cellariac measure 0.10 to 0.21 mm. 

This form predominates at St. Paul, Pribilof Islands, where it far outnumbers 
nitida judging by the series collected by Dr. G. 1). Hanna. The type was taken at 
Village Point, duly 25, 1020, among bowlders, between tides, along with /,. alasken&i* ?. 
This forma has not been found elsewhere. 

Co lor in lije .— Dr. G. Dallas Hanna collected at St. Paid, Pribilof Islands, 20 
specimens of forma nesiotis and intergrades and made notes of the color variations. 
The following notes refer to 1 1 specimens taken from an area 3 feet square, among 
bowlders, near the villago: 

1. Dorsal surface olive spotted with dark brown; ventral surfaeo light pink. 

u. Lighter olive, with more reddish spots. 

6. Spots very dark brown, almost black, the interspaces yellow*. 

r. Dorsal spots black, interspaces pure yellow. 

d. Under side with yellowish tinge on the pink. 

2. Dorsal surface clearer green, the spots very' dark brown; ventral surface, 
darker pink. 

The following specimens were taken July 25, 1920, at Village Point, between 
tides: 

1. Upper surface with large black blotch or blotches on disk of very irregular 
form, hut in every ease filling renter of disk and radiating upon each arm forming 
thus a stellate area; remainder yellow, pink on either side of the groove. 

a. Blotches very dark blood red, remainder a dirty gray; margins of furrow 
light pink. 

h. Blotches dark lavender, remainder gray; margins of furrow, light pink. 
(Type of forma ncWo/Df.) 

Type of Jorma nesiotis. Cat. No. K 14114, U.S.X.M. 

Type locality. — St. Paul, Pribilof Islands, Bering Sea, August, 1920, collected 
by ( i . Dallas Hanna. 

For ran l>ISI*Ali Vcrrlll 

Plalr 42, Figure 4, 4n, 46; Plato 49, Figures 4, 5, 0 
Lt ptasUrias t dispar Vkhhilf, 19t4, pi. 10, fig. 7; pi 100, fig. 3 (as ,1«(rna.< dermUaV 

A ti-myed form differing from forma nitida in having the carinal spines much 
enlarged and usually grouped in nodular clusters; typically few dorsolateral spines 
much small »r than the carinals; a conspicuous supramarginal channel, hounded above 
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ill large specimens by a very regular series of small dorsolateral spines and below by 
one or two series of robust supcromarginal spines. 11 GO mm., r 17 min. R=3.S8 
r; breadth of ray at base IS to 20 min. (Attu Island). 

Verriirs type and only listed specimen of this variable form is a small example 
from Unalaska. Under the caption of Asterias acervata he gives a good figure (pi. 
106, fig. 3) of a variety from Kazan Bay, Atka. I have two specimens of the same 
lot, collected b} T W. 11. Dali, 1873. 

The type is an extreme variant of the form and is farthest removed in appear- 
ance from nitida. I have three small examples of this subforma from Unalaska 
(type locality, pi. 49, fig. G), two small and one large specimen from Attu (pi. 49, 
fig. 5) at the end of the Aleutian chain. Of the intermediate stages between this 
extreme and accrvate examples of nitida there is a pretty complete series. Scarcely 
two specimens are alike. 

The largo example from Attu (II 60 mm.) has the carinal line armed with very 
prominent clusters of large capitate spines, three to five in a group, forming a zigzag 
longiseries; 10 or 11 similar groups mark the primary plates of disk. These spines 
are larger than any of the others, stand well above the general level, and have 
convex, finely striated tops, upward of 1.75 mm. in diameter. On the inner side of 
the broad supramarginal channel which is abactinal in position is a line of relatively 
small capitate spines, fairly well spaced and not reaching end of ray. Scattered 
between these and the carinal groups arc a relatively few similar spines which some- 
times form a poorly defined series for a short distance. The spinulation between 
the supcromarginal and carinal scries is characteristically meager, but this feature is 
very variable in different specimens from the same locality. In the extreme as rep- 
resented by the small type there may be only a single very interrupted series of small 
dorsolateral spinelets, and a single irregular scries of spaced subtruncate carinal 
tubercles. 

The supcromarginal spines are either one or two to a plate, usually one in the 
small type form, but two in large specimens, where the} 7 stand close together on the 
plate and form a prominent duplicate series defining the dorsolateral margin of the 
ray, which is more definite and prominent than in nitida. Spines cylindrical, slightly 
capitate, striate and subtruncate, about 1.25 mm. long, and a little bigger than the 
dorsolateral spines. The intermarginal channel, though variable, is broad proximally 
in both large and small examples. 

lnferomarginal spines usually one on the first three to six plates, then two, with 
au occasional monacanthid plate; less often a plate carries three spines. A series of 
similar aetinal spines reaches about 0.S It along ray, while a very short second series 
is also present. These spines are cylindrical, round-tipped, and longer and thicker 
than the superonnirginals (about 2.5 mm.). In typical small specimens the spines 
are more prominent and likely to be compressed; they form a bristling ventrolateral 
border, and the aetinal series is short. 

The first four to six adambulacral plates arc monacanthid; then follow about 
20 diplacanthid plates; then a variable number alternate with one and two spines. 
About the last fourth or fifth of the ray has monacanthid plates (a plate bearing a 
furrow spine alternating with one carrying a subambulacral). The spines are simi- 
lar in form to those of nitida. Toward the mouth plates they gradually lengthen 
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hih! become slenderer. In the median part of the rav the suhnmhnlarnil spines are 
cylindrical, or slightly ehivate, round-tipped 'Hie furrow spines are slenderer and 
tapered. There are three pairs of contiguous plntes hack «>f the mouth plates. 

Mouth plates very similar to those of camtschntica. There are two aetinostomial 
spines and one suborn! . The smaller of the two apical spines is bent across the begin- 
ning of tho radial nerve. The other, about twice as long (2 mrn.), is a trille longer 
than t he median oral suture. 

The series of actinnl, intormarginal, and supramarginal papular areas are regular, 
hut the other dorsolateral areas are not at all regularly arranged. They vary greatly 
in number according to the age of the specimen and appear not to be of diagnostic 
value. There are only n few papulae to each group. In small examples they arc 
mostly single. 

Straight pedieellariae are all small and are of the lanceolate and ovate coin- 
pressed type, quite inconsiderable in bulk as compared to tho spines. The dorsal 
are commonest interradially and along the supramarginal channel, and are lanceolate- 
ovate', or ovate, blunt, or subacute; the intermarginal and actinnl are similar but a 
little larger. They occur in clusters on the oral spines and among the crossed pedi- 
cel lari ac of the furrow spines. 

Crossed pedieellariae, distributed as in nitida , are fairly numerous in large speci- 
mens, but few, especially on the abactinal surface, in small ones. Their size varies 
with that of the specimen. On large examples they measure 0.25 to 0.27 mm. (PI. 
42, figs. 4(/, 46.) 

Madreporic body circular, situated at about tho middle of r, surrounded by a 
complete or an incomplete ring of short capitate spines. Striae rather coarse, radiat- 
ing from center. 

In small specimens, as Yerrill states, the ambulacra! groove is bioad. This 
feature may be masked by the arching of the abactinal surface, so that the edges of 
the furrow are drawn together. 

Anatomical notes. — In small specimens the carimd and superomargimil plates 
are disproportionately large as compared to the irregular dorsolaternls. The triseriid 
arrangement of the dorsal plates, mentioned by Yerrill, is lost in large examples by 
the interpolation of plates between the carinals and the primary dorsolateral series 
(that which borders the supramarginal channel). In typical large examples such as 
that from Attn, the carinals are, nevertheless, still relatively large. (PI. 49, fig. 5.) 

The gonads open ventrallv. The apertures are close to the interradial lino, and 
in line with the outer actinnl row of papulae Kuril is at the summit of a low promi- 
nent papilla, and the specimen (R 57 mm.) taken at Attn, dune 10 11, 1900, ha* 
large but subspbericnl, nodular ovaries filled with ripe eggs. Another large specimen, 
that described, taken May 29, 1S92, at Attn, is a male and the gonads are of the 
branched type common to the males of this genus. The gonads appear to be not 
fully mature. A mature female, taken June 15, 1920, at Tnalaska, has R only 2f> mm. 

Variation *. — The small typical subforma as described by Yerrill is unmistakable, 
but this is an extreme having a minimum of abactinal spines and usually one series 
of prominent superomnrginnl spines. The carinals are few and unusually large, as 
if there were only a certain amount of lime to be expended the larger the spines 
the fewer their number. In larger specimens the number of enrinal spines varies 
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from one to a plate to a crowded group of five or six, and the size, from slightly to 
conspicuously larger than the dorsolaterals. The dorsolateral spinelets vary from 
one incomplete longiseries to the equivalent of three, such specimens being in fact 
nothing more than examples of nitida with grouped carinai and spaced dorsolateral 
spinelets. 

Shumagin Islands: Largest specimen, 11 47 mm., lias one or two superomarginal 
spines, rather numerous dorsolaterals, and not very prominent acervate carinals. 
The five specimens from the Shumagins suggest young acervata , but are not. 

ChernofTski Bay, Unalaska: A specimen (47 R mm.) has rather narrow, arched 
rays and proximaily three or four superomarginal spines, in an arcuate vertical comb. 

Unalaska, Alaska: In addition to three small typical examples there are nine 
intermediates some of which may be called acervate examples of nitida. The spines 
of the conical groups are not neat and compact as in the St. George Island variety. 
Superomarginal spines usually two, sometimes one. 

St. George Island, Pribilof Islands: These belong really to a subforma of nitida 
rather than to forma dispar. Along the carinai ridge (the ray being well arched) is 
a zigzag series of conspicuous, convex, compact groups of 8 to 12 unequal, blit en- 
larged, elose-set spines; dorsolateral spines numerous, superomarginals two or three. 
(See under f. nitida, pi. 49, fig. 4.) 

Adakh Island, Andreanof Group, Aleutian Islands: A specimen resembles the 
St. George examples but the groups are smaller; the superomarginals two; R 73 mm. 
There are rather numerous coarse ovate intermarginal straight pedicellariae but they 
are not of the form nor nearly as large as those of alaskensis. This large specimen may 
be classified ns an acervate specimen of forma nitida , or as dispar with numerous 
dorsolateral spinelets. One specimen with much fewer dorsolateral spinelets. 

Naznn Bay, Atka: The specimen figured by Verrill (1914, pi. 10G, fig. 3) is much 
smaller than the two recorded here (R 70 and R G5 mm.). In these the earinal spines 
are prominent and the dorsolaterals well spaced but more numerous than in the 
example from Attn described above. Superomarginals two. Intermarginal straight 
pedicellariae smaller than in the Adakh example. 

Attn Island: A small example with two superomarginal spines connects the 
extreme type form, from Chickagoff Harbor, Attu, with what might be called the 
intermediate variety, of which there is one specimen (in addition to the large extreme 
form described) collected at the same locality. 

Remarks . — The following differences may he observed between approximately 
equal-sized specimens of f. dispar and Leptasterias polaris acervata f. acervata; examples 
of acervata with R 50 to 70 mm.; of dispar with R GG mm. Acervata has a smaller 
disk, and the rays are slenderer, especially at the base (R =4.5 to 5 r). The dorsolat- 
eral spines are much more numerous, and a certain number of them are enlarged (as 
are the carinals) and form spaced, scattered clumps which arc strongly convex. The 
supramarginal and intermarginal channels are narrow, the former being not at all 
conspicuous, as in dispar. In typical dispar the superomarginal plates are more 
prominent, the spines being a little longer. Small specimens of acervata (R 22 to 27 
mm.) do not resemble equal-sized typical dispar but they do resemble some of the 
intermediate stages of dispar from Unalaska. The latter lack the dorsolateral 
convex groups of acervate spines. 
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Type oj jorum dispar. — In Yale Museum. 

Type locality Dutch Harbor, Unnlaskn (forma dispar). 

Distribution oj jorum dispar. Attn Island to the Shumagin Islands and southern 
Bering Sea (IVibilof Islands). The subspecies dispar extends from Kodiak Island 
(forma nitidn) to Attn (forma dispar). 

Sped m e ns esa mined. — K i gh t v . 

Specimens of Leptastrrias camtschatica dispar tjaminrd 


IxK-nlily 


f 

nitlda 


f. I. 

nfxioih dispar 


Remarks 


UoalaskA (Chcrnofskl Ray) 

Cnalojko i 

Round Island, Coal Harbor, Umm, Shinnnpln Is- ' 

lands. 

Pojx>fl Strait. ShumaRiD Nandi . . 

St. I'nul, I’rlbllof Inlands . . s 30 

St. Ooorfje. I'riMlof Island'... 2 

Adakh Island. Aleutians 

A Ik a Island. Aleutians (Nozan Bay).. . . 

A ttu Island (Chlchagoft Harbor; 


I ILSN.M. 

12 3 lyplcal ditfor Intermediates, V S N M , Stan- 

ford. 

i U.S.N M ; W 11 Dull; Intermediates 

1 Do. 

2 U S.N M . Stanford, (i D. Hanna. II Itcalb 

1 Mnnford, 11 Heath. 

2 U.S.N. M ; l Intermediate 
2 U.S .N M. 

5 V * N M , W II Dali 1873. Albatraw, June 10, 
ex* 


LKPTASTKK1 AS ALKUT1CA. new 

tM:it<* 13, Figures 1, la lc; Plait* 60, Figures 2. .'I 

Diagnosis. Buys six. Differing from A. camtschatica di*par in lin\ing shorter, 
thicker ruys; more numerous, closer set nhaetinnl spinolets, which have the appear- 
mice of a rather even, close, grnmiliform covering; relatively larger superonmrginnl 
plates, which with their groups and combs of four to six spines form a broader band 
along the dorsolateral border of ray. Straight pedicellarine small, ovate or ovate- 
lanceolate, acute or obtuse. Resembles a small L uetpmlis without huigiserial ar- 
rangement of the abactimd plates. R 2S mm., r 10 mm., R — 2.8 r; breadth of ray 
at bast* 10 mm. 

Description. Rays short, robust. Abactimd surface arched, covered wilh many 
small, close-set, uniform spinolets, which give the whole abactimd area the appear- 
ance of being covered with granules. In small examples separate plates not easily 
distinguishable; in largest specimens, such as type, the small papular areas serve to 
mark off groups of spinolets. In the type, the largest plates (the earinnls) carry S 
to 15 spinelets, the dorsolnterals 5 or 0. The spinolets are characteristically 
thorny 0.3 to 0.4 mm. long on abactimd plates. The irregular earinnls sometimes 
have considerably more robust spinelets than dorsolnterals. Dorsolateral skeleton 
an irregular reticulum with the equivalent of about six longiseries of papular areas 
for the whole ahnctinnl area, only those adjacent to superomarginnls at all regular. 

Superomnrgiual plates with four to six spinelets (usually three or four in small 
specimens) which distally form a vertical comb and proximally more often a group 
Exceptionally there are as many as eight to a group. The spinelets are a little longer 
than the abactinals, rather stubby and subelnvate, sometimes curved. They form a 
03100—30 8 
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conspicuous bunt! well up on the side of the ray, and are bounded below by a narrow 
but fairly conspicuous intermarginal channel. 

The inferomarginal spinelcts stand two (sporadically three) to a plate. They 
are subcvlindrical and arc both longer and stouter than the superomarginals. The 
proximal spinelcts may be nearly twice as long and 75 per cent thicker than supero- 
marginals, and rather elavatc in form. A series of aetinal spinelets, similar to the 
inferomarginals but slightly larger, extends for two-thirds the length of the ray. A 
few spinelets of a second series may he present at the base of the ray. The infero- 
marginal and aetinal spinelets together form three ventrolateral series separated from 
the broad band of superomarginal spinelets by the intennarginal channel. 

Ad ambulacra] plates diplacanthid for half or two-thirds the length of the fur- 
row; the distals alternating diplacanthid and monaeanthid; or the distal plates may 
be irregularly diplacanthid. The furrow spinelet is, as usual, slenderer than the 
adambulacral, which is subcylindrical and snbclavate, about as long as the aetinal 
spinelets but considerably slenderer. Both become longer and decidedly slenderer 
on the first dozen plates. The first five or six plates arc monaeanthid, and the first 
three pairs arc contiguous interradiallv. 

The oral plates have the usual arrangement of spinelets: Either one or two at 
the actinostomial end, and one suboral. The longer of the slender apical spinelets 
is as long as or a little longer than the median suture of the plates, and longer than 
in alasleensis. 

Straight pediccllariae: There arc a few* small ovate or ovate-lanceolate, com- 
pressed, bluntly pointed to obtuse pediccllariae in the supramarginal, intennarginal, 
and aetinal channels, and along the furrow face of the adambulacral plates, the 
latter being quite small. They occur in clusters on the oral armature and mixed 
with crossed pediccllariae on the furrow armature of the proximal half of the ray. 
The lateral and aetinal dermal pediccllariae arc much slenderer than any of the 
spines. The largest intennarginal measure 0.3 mm. (PI. 43, figs, It, lc.) 

Abactinal crossed pediccllariae few and scattered, in circles around the spines. 
They form rings or part rings on the superomarginal spinelets, and not very large 
clusters on the outer side of the inferomarginal aetinal, and adambulacral spines. 
Abactinal pedicellariac measure 0.18 to 0.2 mm. (PI. 43, figs, la, la'.) 

Madreporic body circular, surrounded by one or two cycles of granuliform 
spinelets and situated at about the middle of r, or a trifle nearer the center of disk. 

Variations . — This species is typically small with short, rather stout, rays and a 
close, uniform covering of granuliform spinelets. It is sexually mature at R 14 mm., 
and the majority of the specimens have R less than 20 mm. The spine-counts in 
these small examples are less than in the largest specimens, but the spines are more 
uniform in size and distribution. Even in very small examples the aetinal plates 
extend for half the length of the ray. 

The superomarginal spinelets in small specimens form an arcuate vertical series 
of three or four with an extra spine on the adoral, convex side of the arc. This is 
essentially the arrangement in large specimens vrherc extra spines appear on the 
adoral side of the arc of usually five spinelets. 

Specimens from Unalaska, and a part of those from Adakh and Ivyska arc not 
typical and approach, sometimes close!} 7 , what appear to be young L. camtschatica 
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dispar f. adidu. The dilferenre briefly consists of n slight enlargement of the carinal 
spinelets and a disparity in the size of t he dorsolateral spinelets, whereas in the 
typical form the ahnetinnl spinelets are all fairly uniform. The really problematical 
specimens are small. It must be remembered that nil young Ixptastcrias are pecu- 
liarly difficult. Korins which are easily separable in the adult phase may converge 
in the young stages so that exact differentiation is impossible. 

Type . — ('at. Xo. K 1495, l .S.X.M. 

Type locality . — Adakh Island, Aleutian Islands, duly 2, 1893. 

Specimen* examined . — Forty-two from t lie following of the Aleutian Islands: 
Agattu, 2 specimens; Ainchitka, 2 specimens; ICyska (Kvska Harbor), 0 specimens 
(W II Dali. 1873): Adakh, 8 specimens; Atka, 20 specimens; ITudnskn, 4 specimens 
(variety). 

Remarks . — 'Pins species, w hich so far as known is confined to the Aleutian Islands, 
reminds one of a small L. aequalis having irregular ahnetinnl plates. It is probably 
an offshoot of L. camtsclatica. Some of the sinullest specimens approach L. aunt - 
sciatica dispar f. nitida. A. alentica has typically shorter, broader rays and more 
numerous and close-set dorsolateral spinelets, which are arranged in groups without 
serial alignment. 

The resemblance to aequalis is perhaps due to the relationship which both 
species bear to camtsclatica. Some variants of A. lexactcs rancomcri closely resemble 
L camtsclatica. 

A. alcutica can be distinguished from the forms of A. ulaskenxis by the small, 
compressed, ovate or ovate-lanceolate straight pedieellariao, numerous abactinal and 
superomarginal spinelets, and long series of actinal spinelets. 

LKCTASTEHl AS ASTE1HA, new »pcrU* 

Plate 43, Figures 3, 3a-3r; Plate 50, Figures 4, 5 

Diagnosis . — Rays six, rather short and robust; abactinal spinelets subenpitate, 
generally one to a plate and pretty uniformly spaced, and not obviously areolated; 
cnrinnl series not distinguishable from the rest; abactinal papulne one to three, not at 
all in series; superomarginal spines two; inferoinarginal and actinal forming each a 
single series, well separated ; ndambulacral spinelets, two, and one and two alternating; 
ambulacra] furrow narrow; straight pedieellariao small, ovate or elliptical, obtuse. 
R 2G mm., r S.5 nun., R = 3 r; breadth of ray at base 9 mm. 

Description . — Abactinal spinelets short, robust, clavate to subeapitate, the 
length being once or twice the breadth at tip, which is grooved and thorny. The 
spinelets are not very dissimilar in size, are mostly one to a plate, and are spaced 
one-half to two or three times their breadth but have the appearance of being pretty 
evenly scattered, without the slightest dilforciitiation of n cnrinnl series, a reticulated 
pattern of the abactinal spinelets only vaguely indicated in the larger specimens. 

There is a fairly broad hut variable and not von* sharply differentiated supra 
marginal channel. Superomarginal spinelets two, sporadically three, slightly larger 
than the dorsals, fairly high on the side of ray. Intermarginal channel about as 
broad as the supramarginal. Inferoinarginal spinelets generally one, occasionally 
two distnlly; aetinnls one, the series extending two-thirds or three-fourths the 
length of the ray; both nrc about 50 per cent larger than the superomarginals, sub- 
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cylindrical to slightly clavate, and sometimes a trifle curved upward. The actinal 
channel is a little narrower than the in ten Marginal. 

The first five or six ndambulacral plates are nionacanthid ; then about five or 
six are diplacanthid ; the remainder alternate more or less regularly with one and 
two spinelets. The subambulacral spinelets are clavate, a little slenderer than the 
actinals but often no shorter; the furrow spines are a little slenderer than the sub- 
ambulacrals but instead of tapering, as is usual with furrow spinelets, are more often 
a trifle clavate. One or two pairs of ndambulacral plates meet interradiallv behind 
the mouth plates. 

Oral spinelets two; a tapering spine at the inner apex of each plate, shorter 
than the interradial suture; one suboral spinelet similar to the first few subambu- 
lacrals which are slenderer than further along the ray. 

Abactinal papulae mostly single and inconspicuous; intermarginal and actinal 
(sometimes two series proximally) in twos and threes. 

Straight pedicellariae (pi. 43, figs. 3a-3c) small, in side view ovate, or broadly 
elliptical, very obtuse, distributed typically for the genus, the largest being the 
actinal interradial dermal. Front profile of jaw, usually ovate or broadly lanceolate. 
The dorsal are very small, as are those along the furrow margin. An intermarginal 
measures 0.27 to 0.33 mm.; an actinal interradial about 0.3 mm. 

The sheaths surrounding the abactinal spinelets arc rather pulpy and prominent, 
often contiguous, but the crossed pedicellariae (0.2 nun.) are few, usually only one 
to three to each spine. The marginal arc more numerous but not abundant; the 
inferomarginal, actinal, and the adambulaeral form very small clusters. (PI. 43, 
fig. 3d.) 

Madrcporic body small, situated one-half r from center. 

Anatomical notes . — The hepatic coeca are large and reach nearly to the end of 
the ray. The intestinal coecuin is a rather slender, 2-lobed sac. The gonads open 
ventrally by a genital papilla close to the interradial line. The ovaries are sub- 
globular, the eggs large and relatively few (specimen with R 21 mm.). 

The abactinal skeleton consists of an irregular small-meshed reticulum of very 
numerous small plates without a differentiated series of carinals. At the nodes are 
mostly three or four lobed primary plates (usually nionacanthid) connected by one 
intermediate, elliptical, often nionacanthid, ossicle. The spaces are larger and the 
plates slenderer toward the end of the ray. The supermarginal plates arc four 
lobed, but at the base of the ray the transverse lobes only may be present on many 
inferomarginal plates, since the intermarginal and actinal papular areas are very 
frequently confluent. A second series of small actinal plates (more numerous than 
the outer series) is irregularly developed at the base of rav, but generally is not 
spiniferous. 

Type.— Cat. No. E 1490, U.S.N.M. 

lype locality . — Adakh Island, Andreanof Group, Aleutian Islands. 

Distribution . — Pribilof Islands, Shumagin Islands, Andreanof Islands. 

Specimens examined . — Pribilof Islands (St. George and St. Paul), shore, 4 speci- 
mens. Adakh Island, Aleutian Islands, shore, 32 specimens. Kyska Island, Rat 
Islands, Aleutians, 9-14 fathoms, 4 small specimens. Sanborn Harbor, Nagai, 
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Shumagiu Islands, l specimen. Round Island, (\ml Ilnrlior, Unga, Shumatrin 
Islands, 1 specimen. 

Urt/utrks. 'Phis species may he distinguished from nlnskrusis Iiy the form of the 
small straight pedieellariae, by the absence of prominent groups of earimil and dorso- 
lnt< ral spinelets, by the generally more uniformly distributed dorsal spinelets which 
are of a pretty uniform size, by the narrower ubaetinal area and higher position of 
stipe romarginals on the side of the ray, and bv the well developed series of aetinal 
plates. It differs from camtschatica in lacking any trnee of serial arrangement of the 
ahaetinal spinelets and in the ahsenee of any crowding or differentiation of the earinal 
spinelets, the same distinetion separating it from dispar . It further differs in having 
shorter rays, the intcnnarginal and aetinal papular areas eonllucnt, and very obtuse- 
ovate or elliptic, small straight pedieellariae. 

Asteira is probably one of the mmtschatico group of species, as evidenced by the 
well developed aetinal plates. It appears to he distinct from all the forms of 
camtschatica and hejractis. The pedieellariae are rather distinctive. 

LKI*T AST Kill AS LKCTODOM A. new upochw 

Plate 43, Figures 2, 2a, 26; Plato 50, Ficure ti 

Diagnosis — Kays six. Skeleton weak; nbactinnl spinelets small, rather widely 
scattered; carinals not clearly diiremitiated ; superomarginal, inferomarginal, and 
aetinal spines typically one to a plate, forming throe definite lateral series well spared 
from one another; adnmbulaornl plates monneanthid; apical oral spines rather long; 
lanceolate dermal straight pedieellariae; integument rather thick pulpy, and thrown 
into irregular transverse folds; ahaetinal integument rather flaccid. Rays slender, 
well arched. R 20 mm., r 7 mm., R - *1 + r; breadth of ray at base, 7 mm. 

Description. — Ahaetinal skeleton weak, entirely obscured in alcoholic specimens 
by pulpy integument which is raised in low, irregular, tnms\(rse folds and circular 
disks surrounding the widely spaced small spinelets. Those cushions seldom carry 
pedieellariae ahnctinully. Ahaetinal skeleton very irregular, the plates thin, small, 
irregularly elliptical, oblong, three or four lobed; skeletal intervals small to large; 
usually a series of large intervals directly above superomarginal plates. Ix>bed 
plates usually carry a single short, tapered, suhtrunento spinelet (two or three on a 
few plates of disk). These are spaced 3 to 10 spine lengths apart and sometimes 
form three very irregular longiscries, or else are without serin! order. They van' 
greatly in number hut for the genus are few and widely spaced. 

Superomarginal spinelets, a little longer than abactinals, one to a pin to, sur- 
rounded by a pulp\ disk hearing one to several crossed pedieellariae. They form «j 
very regular series rather high up on the side of the ray. 

Similarly there is a single series of inferomarginal, and one of aetinal spinelets 
(extending two-thirds to three-fourths the length of the ray). In the largest speci- 
mens there is a second short series of actinals. The spinelets are slender, terete, 
blunt, and increase in length toward the furrow, the actinals being longest (upward 
of 1.5 mm.) and sometimes curved. The intcrnmrgimd and aetinal channels (both 
lateral in position) are broad, so that the three lateral series of spines are well separated 
and the actinals are also fairly well spaced from the ndambulncrnls. The inter- 
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marginal and actinal papular areas are frequently confluent, forming very large sub- 
quadrangular spaces reaching from the superoinarginal to the actinal plates. It 
may happen that a whole series of inferomarginal plates is thus disconnected. 

On either side of ray there are three fairly regular series of papulae — an actinal, 
an intermarginal, and a supramarginal, with one to four in each cluster. The ahacti- 
nal, one to three in each area, are very irregularly distributed and the areas are vari- 
able in number. Usually the papulae are few. 

Ad am bul acral plates monacanthid. The spinelets are very slender, terete, 
blunt, a little shorter and considerably slenderer than the actinals. The spinelct of 
alternate plates is situated on the furrow margin while the other is spaced back from 
margin. In the type there is very little difference in size between the two; but in the 
largest specimen from Unalaska, the outer is longer, heavier, and slightly compressed 
at the truncate tip. The inner tapers a little, as is usual with furrow spines. First 
pair of adambulacrals contiguous interradially, conspicuously longer than second 
pair. 

In the typo, 5 of the 10 oral plates carry 2 suboral spines, one carries 3, tho 
rest 1. Other specimens generally carry one. There are two apical spines, both 
tapered, slender, the inner a little longer than the plate, the outer (adjacent to furrow) 
nearly as long. Both are longer than in alaskensis. 

Straight pedicellariae (pi. 43, fig. 2), slender to broadly lanceolate, are scattered 
over lateral abactinal regions; others occur in the intermarginal and actinal channels, 
in clusters on tho oral spines, and sparingly on the furrow spines. Very small ones 
are scattered along the furrow face of the adambulacral plates. Intermarginal 
pedicellariae measure about 0.5 mm. long. 

Crossed pedicellariae, very scarce abactinally. A few form lings around the 
superoinarginal spines (sometimes absent), and small clusters on the inferomarginal, 
actinal, and adambulacral spines. The abactinal and superoinarginal (pi. 43, fig. 2a) 
measure 0.2 to 0.25 mm. long. 

Madreporic body variable in size, medium, situated a little nearer to margin 
than middle of r. 

Young . — The smallest specimen has R S mm., and like larger examples has a 
thick pulpy skin, thrown into folds or welts by irregular deep creases. There are a 
few carinal spines and one series of superomarginals, one of inferomarginals, and one 
of adambulacrals, the latter well spaced from the inferomarginals. The spinelets 
are all slender, and the carinals are nearly obscured by the integument. 

Anatomical notes . — The spinelets are fewer and the plates thinner than is usual 
in 6-rayed species. The primary spiniferous plates are irregularly roundish or 
short-lobed and are connected by from 1 to 3 overlapping, flat, spineless ossicles. 
(PI. 43, fig. 26.) These form the connectives of a very irregular mesh, which abactin- 
ally may be open, or fairly close. The spaces are larger toward the end of the ray 
than on the disk and base of arm. The superoinarginal plates are larger than the 
inferomarginal and either three or four lobed. The latter frequently have only the 
dorsolateral lobes developed. They are then not connected in series, but only with 
the superomarginals and actinals. When the longitudinal connective is present it 
is quite slender. 
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The gonads open vent rally. The ovaries are nearly globular and are mature 
in an example with K 25 mm., and in another with R only 15 to 17 mm. (Agattu, 
thine S, 1000). 

Type. — Cat. No. K 1407, t T .S.X.M. 

Type locality . — Humboldt Bay, Shumugin Islands. 

Distribution . — From the Slmmagin Islands to Attn and Agattu (at end of Aleu- 
tian chain). 

Specimens examined.— Twenty-four. 


Specimens of bcplartcrian Irptmfama examined 




Num* 

I*>cnhty 

Depth 

tier of 
speci- 



mens 

Cnpa. Shumapin Islands. . 

Humboldt Itay, Shumnpin Islands.. 
Cnalnska .. .. 

U»w tide 

I i 
4 i 

j : 

Natan Hay, Alka Inland, Aleutian Inlands 

do 

n i 

Mka Island, Aleutians. . . 

do 

1 

Adnkh Island, Aleutians. . 

. . do 

1 

vttu Island, Aleutians. . . 

do . . 

1 

Aicnttu Island, Aleutians 

Shore rocks 

0 

Remarks . — L. leptodonm is notable for the 

pulpy, 


Collection 


r S N M . U II D ill. 
r S N.M 

Stanford, II llenth, O I>. Hanna. V S N NI 
rSN.M.W II Oall. IH73. 

r.s v m. 

I>o. 

Albatross, Juno 10 11, IW. 

Albatross, Juno s, IW>1. 


lar, almost papery, abaetinal skeleton, and few abaetinal spinelets and pedieellariae. 
It may be distinguished from other small G-rayed speeies by the lhree regular lateral 
longiseries of marginal and netinal spinelets and by the very few small abaetinal 
spinelets. 

The well-developed netinal plates differentiate the speeies from any of I he forms 
of alaskensis; while the absence of any earinal dilferentiation prevents confusion with 
the various forms of hexaclis , notably forma aspera which has rather heavy pulpy skin. 


I.KI'T AST Kill AS IIKXACTIS (SUmp^n) 

Plate 4t; Plate 45, Figure 2; Plate 50, Figure 7; Plate 51; Plate 52; Plate 54, Figure G. 

sfrfrria* hexaclis Stimpson, Proc. Poston Soc. Xnl. llisl., vol 8, 1802, p. 272. Vfrkii.l, 
Trans. Conn \cad. Sei., vol. I, ISG7, p. 320. — Bki.l, Proc. Zook Soc. London, lssi, 
p. 405. 

Lcptasterias hexacli s Vkhkili*, part, Shallow-water Starfishes, 1011, p. 120, pi. 25, figs. 7, S 
(type). 

Leplasleria* epichlora alaskens ij var. sitierea Vr.ituil.l., ShuIlow-wntiT Starfishes, 101 1. p. 
137, pi. 10, figs. 3, 4 (Vaku tat Hay>. 

IsCptasteriax epichlora miliar is var. rrgulnris Vkhuili., Shallow-water Starfishes. 1 0 1 t, p. 
130 (Cape Fox, Alaska). 

Leptastenas epichlora plena Vkhhill, Shallow-water Starfishes, ION, p. NO. pi. 5s, j c I 
(Comox or Sooke, British Columbia). 

IsCptasterias epichlora var plena Vkuwi.l, Shallow -water SlarlVahej*, HH t, | Inles. p 11s 
Lrplasterias epichlora pugrtana Vi.HUtu,, Shallow -water Starfishes, 101 I, p. 1 12 Pugrl N» u 1 

Diagnosis. A small G-rayed, polymorphic speeies, allied to camhchntica, having 
slender to robtisl ra\s, a well developed netinal series of plates, irregular dorsal -pinu- 
lation, one to live (neeording to forma) superomarginal spinelets, and usually well 
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differentiated earinals. Differing from alaslcensis in having a long series of actinals, 
a narrow dorsolateral area, conspicuous carinal series, superomarginals higher on side 
of ray, and in lacking conspicuous bivalved pediccllariae. 

Heretofore the name hexactis has been applied to almost any small 6-rayed 
Leptasterias with slender rays and relatively few spinclets. Verrill reproduced Stimp- 
son’s original description hut his own published observations were confined to speci- 
mens ot*L. pusilla from Monterey. What his “numerous specimens from Puget 
Sound and the Queen Charlotte Islands” may have been I have no way of knowing, 
since they can not be located. Certainly duplicates of Stimpson’s puzzling types 
arc not common in that region. 

It is necessary to repeat that among the numerous small 6-rayed sea stars of the 
northwest coast of America specific lines are exceedingly difficult to draw; but nowhere 
is there such a confusion and intermingling of forms as in the sounds of Washington 
and British Columbia. Specific lines which are fairly distinct elsewhere here break 
down and one of the reasons is probably hybridization, as suggested by the presence 
of a minority of intermediate and freakishly aberrant specimens. Hybridization 
would he likely and simple enough if the breeding seasons coincide; but it is difficult 
to prove that it takes place. 

I have used hexactis in a different and much broader sense than has Verrill, to 
include the common 6-rayed Leptasterias of the Puget Sound region having irregular 
abaetinal spinulation, a fairly regular and narrow carinal hand of spinelets, and usually 
monaeanthid or diplaeanthid superomarginals (forma regularis ). This ranges from 
Cape Flattery to Kodiak Island, while an intergrading paucispinous variation ( aspera ) 
can be traced as far as the Shu m agin Islands. A multispinous form (plena) appears 
to intergrade with both forma regularis and hexactis in the Puget Sound region; 
while its northern counterpart, forma siderea , intergrades with regularis and probably 
also with L. camtschatica dispar (through forma nitida at Kodiak). 

I have studied Stimpson’s type and type series. Probably if an attempt had 
been made to find the most puzzling specimens in the Puget Sound region no better 
selection could have been made. The type scries, No. 1368, contains three examples 
of forma hexactis with R 32 to 40 mm. (pi. 51, figs. 2, 3), a small relatively stoutcr- 
rayed specimen with R 20 mm., and monaeanthid superomarginals, referable to 
forma regularis (pi. 51, fig. 1) and 14 equally small, stout-rayed examples of a sub- 
form of plena (figs. 5-9). Whether these were collected together is uot known, but it 
is very probable. 

In the original description, reproduced by Verrill, Stimpson has incorporated 
some of the characters of these small plena , as, for instance: “In some specimens the 
lateral spines are distinct from the ventrals, being separated from them by a channel, 
and forming a crowded row of coniluent clusters like the dorsals. Dorsal spines small 
and numerous, in little heaps, which being confluent in a longitudinal direction form 
three or five (according to the distance from the disk) rows, separated from each other 
by corresponding rows of papuliferous depressions. ” This refers to small plena 
having R about 20 mm. such as Plate 51, Figures 6, 8; Figure 5 is somewhat inter- 
mediate with regularis. In the following sentence he says: “These spines in some 
specimens, however, are fewer and do not form heaps.” This refers to the type and 
two eotypes; Figures 2, 3. 
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The relationships of hcxactis , in the* narrow sense, are very nhsrure. 1 doubt if 
there is a homogeneous forma ft exact is. These gaunt, rather paucispinous specimens 
with one or two supcromarginnl ami rather few irregular, dorsolateral spiuelcts 
behave like fortuitous variations, probably of forma rnjularis. The small specimen 
(pi. 51, lig. 1) in the type series suggests this and 1 have what are apparently a few 
variants of regufaris (San Juan Island) which resemble the cotvpes of forma hcxacti s. 
They appear to me to bo something distinct from the paucispinons forms of ran- 
courcri , for instance. 

After caintschaticu , t lie name hcxactis has priority for any ti-ruyed Lcptasterias. 
It is unfortunate, therefore, that the types are what they are. I believe, however, 
that the relationship of this series of specimens is with forma regularis and not at all 
with acqualis, despite tiie peculiar behavior of vancovren. Both rr (pilaris and hex- 
actis , among other items, lack tin' two or three enlarged lateral teeth of the terminal 
lip of the crossed pcdicellariae, such ns are characteristic of ac<piatis. This is an 
insignificant character hut in the almost hopeless mess of ti-rnyod forms in the Puget 
Sound region, everything helps. 

No adult specimens with slender ra\s (forma hcxactis) have been taktn north of 
Boundary Bay (between Washington and British Columbia) which is another curious 
fact. As forma reiptlaris is the prevalent variety of hcxactis — the species— in tin* 
Puget Sound region, so also forma regularis and its less spiny counterpart, forma 
as pent , are the predominant types over the extensive coast between Boundary Bay 
and the Shumagin Islands. Korina siderea and plena are not so common, unless 
possibly on more exposed outer shores. 

The picture of the species hcxactis should he bused upon rcgularis and aspera 
(which arc really subformae of a variable forma) rather than upon forma hcxactis 
which is a rare, problematical variation. The fact that the type of the species is 
what it is constitutes an unfortunate episode in the taxonomic history of Leptastcrias. 

Form* U KX ACTIS (Stlmp«*on) 

Plate 1 1, Figures I, la 1/, 5; Plate 50, Figure 7; Plate 51, Figures 2, 3 

Supcromarginnl spinlets two or one, sporadically n group of three; in fcroinargi ri- 
als usually one. Kays slender, fairly long and attenuate (list ally; abactinal spinelets 
cylindrical, tapered or slightly davnte, well spaced; a fairly regular carinal series of 
single spinelets or of groups of two or three (occasionally four or five); dorsolateral 
spinelets usually one, sometimes two to a plate proximally forming two irregular 
longiseries and d is tally one, or in extreme eases one only throughout. In this case 
there are a few scattered spines at base of rn% . One series of aetinal spinelets extend- 
ing one-half to three-fourths length of ray. Crossed pcdicellariae with the last 
external tooth of terminal lip sometimes slightly enlarged; straight pcdicellariae 
triangular ovate to slender ovate, or triangular lanceolate. K *11 mm., r 8 mm., 
r = 5 r. 

Specimens examined. — Stimpson's types, three specimens, Xo. 13GS, U.S.N.M.; 
Puget Sound, two specimens, Plate 50 Figure 7, Stanford collection; San Juan 
Islands, Wash., Stanford collection, one specimen; Boundary Bay, British Columbia, 
Stanford collection, six specimens. 
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Forma ASPERA, new forma 

Plate 44, Figures 4, 4a~4c; Plate 45, Figures 2, 2a; Plate 51, Figure 4; Plate 52, Figure 6 

Diagnosis . — Differing from forma regularis with which it freely intergrades in 
having relatively few dorsolateral spinelets; usually a definite adradial and supra- 
marginal band free of spinelets; typically a single series of superomarginal, infero- 
marginal and actinal spinelets; adambulacrals monacanthid; rays six, robust, typi- 
cally with a thick skin; papulae large. II 43 mm., r 13 mm., br. 13 mm., R = r 
(St. Paul, Kodiak). 

In this paueispinous, but robust phase of hcxactis there are extreme specimens 
with a single prominent carinal series of usually contiguous subcylindrical truncate or 
subcapitate spinelets; a single zigzag series of widely spaced dorsolaterals with a few 
scattered spinelets at base of ray; superomarginals in one regular series, inferomar- 
ginals in one or two; actinals in one series; meshes of abactinal skeleton rather open. 
Then there are others in which accessory smaller carinal spinelets are added on some 
of the lateral lobes of the plates, usually on the proximal part of ray only. (This 
phase of spininess corresponds to that of Pisaster brevispinus forma paucispinus .) 

These specimens when dried have a rather rough, meager appearance in spite of 
the stoutness of the rays. Owing to the thornlets of the spines the surface is raspy. 

Typical specimens are found at Nagai, Shumagin Islands; Kukak Bay, Shelikof 
Strait; St. Paul, Kodiak; Litnik Bay, Afognak Island; Prince William Sound (Cor- 
dova); Port Etches, Alaska; Funter Bay, Lynn Canal; Wrangell; WhiteWater Bay, 
Alaska; and Alert Bay, Vancouver Island. 

Well developed types from St. Paul, Kodiak Island, have a regular prominent 
series of close-set, subcapitate, striate, unequal, carinal tubercles. The dorsolateral 
area is very irregularly beset with relatively few, widely spaeed, unequal tubercles 
becoming sometimes transverse groups of three or four. These increase in number 
by interpolations until a broken areolated pattern of regularis is achieved. Some of 
the dorsolateral tubercles are conspicuously heavier than the carinals or they are 
subequal. There is usually a well-defined bare zone above the regular single series 
of subcylindrical or tapered superomarginals. The latter define the dorsolateral 
margin of ray. Frequently there is a similar adradial channel. Intermarginal 
channel well marked. Inferomarginal spinelets usually one, sometimes two, tapered, 
blunt, a little longer and heavier than upper series; actinals similar to above extending 
in a single series far along ray. Adambulacral spinelets subclavate, about as long as 
actinals, but much slenderer, gradually lengthening on first 6 to 10 plates; beyond 
base of ray the alternates are slenderer and more advanced into furrow; mouth plates 
with fairly well developed actinostomial spine, about as long as plate; occasionally 
a second small companion; suboral longer than first adambulacral and actinostomial. 

The specimens from Kukak Bay, Shelikof Strait, Alaska, are notable for having 
unusually slender ossicles and large papular areas. The spinelets are weaker than 
normal and straight pedicellariae small. 

Specimens from the vicinity of Cordova, Prince William Sound, exhibit an 
uninterrupted series from typical aspera to paueispinous examples of regularis. 
Some specimens of both forms have well developed ovoid straight pedicellariae on 
the abactinal, lateral, and actinal surfaces. The skeletal meshes are large. 
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Alcoholic examples usually show n pulpy skin, prominent sheaths around the 
spinclets, and large papulae. This is particularly true of southern Alaskan and 
Alert Bay examples, hut is not of geographic significance since the Nagni and Afognak 
specimens are similar. 

Crossed pedieellarine not very numerous, 0.19 to 0.2o mm. long. (PI. 4-1, 
fig. \a.) In northern examples the lateral teeth of the terminal lip are eharaeterMi- 
c * a 1 1 v slender. Straight pedieellariae ovate, slender ovate, tapered, the tip of jaw 
either narrowed or slightly spatnlate; largest in interrndial channel, sometimes 
(Cordova) fairly conspicuous. (PI. 44, figs. 46, 4r.) 

Specimens collected at St. Paul, Kodiak, April 12, 192G, h\ Mr. S. l . Smith, 
were carrying large masses of eggs on the oral side of disk. 

Color in life . — Specimens from Kodiak (St. Paul) only a month in formalin, 
were colored dull maroon, sometimes very deep, mottled with cinnamon or pinkish 
cinnamon. 

Type oj jorma aspera.—Cni. Xo. E 1498, l T . S. X. M. (from Hopkins Marine 


Station). 

Type locality oj jorma aspera . — St. Paul (Kodiak), Kodiak Island. 

Distribution . — Xagni, Shumngin Islands to Alert Hay, Queen Charlotte Sound, 
British Columbia. 

forms H ECU LA IMS Vcrrlll 


Plato -14, Figure 6; Plate 51, Figure I; Plate 52, Figures 3-5 

LeplaaUrtaa rpichlora miliaria var. rcguloris Vkriiiu.. 

IjtptaaKriaa rpichlora miliaria var. atibrcgularia Terrill. 

Lrptaalrriaa rpichlora pugrtana Yekrill. 

Diagnosis. — DilTcring in appearance from L. aiaskensi.s in having a long -cries 
of nionacnnthid nctinnl |>lntcs; n well marked cnrinnl series of small groups of spine- 
lots; superomarginals well up on sale of ray; small to medium sized ovate or ovate- 
lanceolate straight pedicellnrino; mostly nionacnnthid ndumhulncrnl plates. 
Supermarginal spines one or two (sporadically three); inferomnrgimils two; n well 
developed inter and supra marginal channel. Hays six, rather short and robust; 
skeleton stout, irregular dorsolaterally ; dorsolateral spinclets rather numerous, and 
coarse, scattered or forming a poorly defined reticulum. 

This is one of the few forms of Ixptasterias described by Terrill of w liieh authentic 
specimens can he found. I have carefully examined one from Capo Fox, the only 
listed locally. This is on the mainland opposite the northern end of the Queen 
Charlotte Islands. 

The ('ape Fox example has rather fewer abactinal spines than the majority of 
the specimens from the Puget Found region and certain similar ones from Sitka, 
1 Airing, and Homer, Alaska, to which Verrill's mime pugrtana would he applicable. 
This subspecies was based upon an example from l’nget Sound having the unusually 
largo ovoid pedieellariae which are found also on some specimens of undoubted 
rrgularix (Cordova, Alaska; Victoria, British Columbia). Pugrtana simply repre- 
sents a more multispinous phase of rrgulai*is and occurs among specimens from 
Cooks Inlet, Alaska, to Noah Bay, Washington. 

Terrill’s specimen of rrgularis is therefore a rather paucispinous example of 
forma rrgularis. It is necessary to correct a serious error in Terrill's short diagnosis 
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of variety rcgularis (1914, p. 139). lie says: “The second short mteraetinal row of 
ossicles bearing spines is not present, as it is usually in other varieties when of the 
same size, and this is probably the cause of the slenderness of the ray.” A second 
series of action] ossicles occurs in well-developed specimens of camtschatica and 
aequalis but never in the alaskensis series, and never, so far as I have observed, in 
hexactis. Verrill more than once mistook young Evasterias for 5-rayed examples of 
some of his varieties (as, var. subnodulosa 1914, p. 139). These have regularly two 
series of actinals. VcrrilPs Leptasterias macouni is an Evasterias. 

The largest specimens which I have seen were collected by Mrs. Ida S. Oldroyd 
at Friday Harbor, San Juan Islands, Wash. (pi. 52, fig. 3). Rays medium slender 
to medium robust; R 39 mm., r 12 nun.; ray width 9 to 11 mm.; rays rather blunt 
and stubby, sometimes inflated. Abactinal spinelets, stout, subcylindrical to sub- 
capitate truncate, arranged in irregular broken reticulum, the carinals forming an 
irregular multiple series— three to six spinelets per plate; dorsolaterals two or three 
to six to a plate. Papular areas iu the equivalent of six abactinal longiseries, only 
those above superomarginals being at all regular; three to six abactinal papulae 
to an area. 

Supermarginal spinelets two, sometimes three to a plate proximally, sporadically 
one. Inferomarginals proximally one, then two ; actinals one, these forming a trans- 
verse comb of two or three with the inferomarginals. They are subcylindrical or 
tapered, blunt, sometimes upturned at end. Adambulaerals with one spinelet except 
near base of ray where for a short distance there are one and two. Oral plates with 
one actinostomial spinelet a little shorter to a little longer than plate and one suboral 
a trifle longer than proximal adambulacral spinelets. 

Straight pediccllariae ovate or triangular ovate, compressed, the end of jaw 
with sometimes two or three denticles. Good sized ones measure 0.4 to 0.5 mm. 
Crossed pedicellariae not very abundant, the abactinal 0.2 to 0.22 nun. long. They 
are not particularly diagnostic. (PI. 44, fig. 6.) 

Three specimens from the vicinity of Victoria have mostly monacanthid supero- 
marginals, while the others have two or three spinelets. The straight pedicellariae 
are sporadically larger, or more numerous, in certain specimens. Such examples 
formed the basis for Verniks Leptasterias ejiicldora pugetana. 

Type of forma rcgularis. — In Yale Museum. 

Type locality of forma rcgularis. — Cape Fox, Alaska (opposite Dixon Entrance). 

Distribution. — Puget Sound and Vancouver Island to Cooks Inlet. The northern 
examples are less spinous than the southern and less easy to differentiate from aspera 
which predominates in the north. 

Forma S1DEREA Verrill 

Plate 44, Figures 2, 2a; Plate 51, Figure 1; Plate 52, Figures 1, 2; Plate 54, Figure G 
Leptasterias epichlora alaskensis var. sidcrea Verkill. 

Diagnosis .- Differing from forma regularis in having still more numerous abac- 
tinal spinelets which arc usually crowded into an areolated pattern; supermarginal 
spinelets two or three as against usually one of northern examples of regularis ; 
straight pedicellariae small lanceolate or ovate lanceolate. 
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This is still spinier than f. regular** and seems to l>o a northern eounterpnrt of 
f. plum. Siderea oeenrs at Kurluk, Kodiak, with a variety of L ceimtscluitica f. nitida 
which it resembles, and with which it possibly interludes. The two forms are 
evidently very closely related. Sidtrta diirers in having the dorsal spiimlntinn more 
arcolatod, without longiserial arrangement. A comparison of Plato 52, Figure* 1,2, 
with Plate 50, Figure I, will answer better than detailed description. This variety 
of nitida may constitute an intergrnding subforma since no large typical nitida has 
been found at Kodiak. 

Wrriir.s type of siderea is lost but his figure is duplicated by a specimen from 
Knrluk, Kodiak Island. (PI. 52, fig. 2.) The abaetinnl spinelets are medium robust, 
capitate, rather truncate, 0.1 to 0.0 mm. long, and the vertical ridges are armed with 
flattened often lenflike thornlets similar to those of L. aequali s. Spinelets not so 
prominent along the cariual line ns in the Middleton Island specimen. The adain- 
hnlacral spinelets are robust, clavnte, irregularly one and two, or only one to a plate; 
actinal spinelets still stouter and a little longer; inferomarginal spinelets subequal to 
nctinals; snperomnrginals intermediate between inferomarginals and abaetinals. 
The apical mouth spines are stout, about as long as plates. Straight pedieellariac 
rather inconspicuous, elliptical ovate to lanceolate ovate, compressed. The crossed 
pedieellariac (0.22 mm. long) do not have comspicuous teeth on border of terminal lip. 

Two specimens from Anchor Point, 20 miles west of Homer, Cooks Inlet, are 
remarkable for their large size. The larger has R 80 mm., r IS mm., ray w id t Ik 20 mm. 
These specimens do not have the maximum number of dorsolateral spinelets, which 
lire coarse and sometimes tubercular; and the proximal supcromarginals have some- 
times only one spine, while the distals have two. Straight pcdiccllnriae rather 
plump, lanceolate to ovoid These specimens may he classified either as multispinous 
regular* * or ns less spiny siderea. 

Tgpe of jorma siderea. — I^ost. 

Type locality of Jorma siderea . — Not stated; Ynkutnt, one of the localities 
mentioned by Verrill, may be designated. 

Distribution . — Kodiak Island and Middleton Island to Ynkutnt Ray. 

Form* PLKNA Vrrrlll 

Platt' -I I, Figure 3; Pink* 51, Figures 5 9; Plate 52, Figure 7 

I,epta*tcrias epichlorn pUna Yekuim*. 

Lcptaiteria* rpichlora var. pltna VrtntiLL. 

Diagnosis. — A southern more multispinous counterpart of side re a which differs 
in having t lie abaetinnl spinulntion somewhat more clumped, the groups of spinelets 
sometimes subdivided into five \ery irregular multiple longiseries of spinelets by six 
irregular longiseries of papular depressions; superonuirginals three to live usually 
unequal, in a vertical series or a group; occasionally six or seven on a few proximal 
plates and two on distal; inferomarginals two or three; nctinals one; adamhulacrals 
one and two in alternation over most of ray; a few proximal plates somelimcs consecu- 
tively diplnennthid ; furrow spinelet of diplaeanthid plates slenderer than the others 
which are subeylindrical to clavnte. U -10 mm., r 12 mm., hr. 12 mm., R 3.3 r 
Forrester s and). 
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This group ranges from Puget Sound to southern Alaska and probably inter- 
grades with siderea which it much resembles. It also suggests a coarse spincd form 
of L. aequalis with indefinite abactinal longiseries of spinelet groups. The spinelets 
are like those of siderea in size and structure. 

Straight pedicellariao longer than broad, triangular lanceolate or lanceolate 
ovate, similar to those of siderea. Crossed pedicellariae (pi. 44, fig. 3), with the 
Iaterahnost tooth of terminal lip slightly enlarged. 

1 have examined VcrrilPs type which is figured (1914, pi. 58, fig. 1). The 
specimens from Forrester Island resemble the type, which is said to be from either 
Comox or Sooke, Vancouver Island. Practically all the other specimens I have seen 
from the Puget Sound region, including those in the type series of hexadis, are small 
(II 10 to 2G mm.), and easily confused with small L. aequalis. (PI. 51, figs. 5 to 9.) 
It is a hopeless task to differentiate such confused forms by words. However, these 
small plena differ from aequalis in having fewer, coarse spinelets, the coordinated 
groups being more irregular; or else the abactinal spinelets are arranged in a close 
reticulum. Both phases differ from regularis in the more numerous abactinal spine- 
lets and the presence of three to five superomarginal spinelets in an angular series 
or a group. (Puget Sound; Alert Bay, Vancouver Island.) Two or three specimens 
of Stimpson’s type series of hexadis (1368 a, h) stand between these depauperate 
plena and the actual type specimens, while one (136S d), is intermediate with regularis. 

Type of jorma plena . — Victoria Memorial Museum, Ottawa. 

Type locality oj jorma plena . — “Sooke or Comox, B. C.” (label of type specimen). 

Distribution . — Puget Sound region, Vancouver Island, and southern Alaska. 

Type oj Leptasteriae hexadis. — No. 1368, U.S.N.M., Dr. C. B. Kennerly. 

Type locality . — Puget Sound, Wash. 

Distribution . — Shumagin Islands to Cape Flattery, Wash., chiefly intertidal: to 
25 fathoms in the Puget Sound region. 

Specimens examined . — Three hundred and twenty-two. 

Specimens of Leptaslerias hexactis examined 


Number of specimens of forma— 


Locality 

tin- 1 

acth n,p < ra 

regu- 
lar is 

siderea 

plena 

Nagai, Shumagin Islands 

1 




Kukafe Bay, Sbelikof Strait... 

7 

i 1 



Kodiak Island. 

i 

J 1 



St. Paul, Kodiak Island 

58 



Karluk, Kodiak Island 





Afognnk Island 

1 1 




Middleton Island, Oulf of Alaska 

1 

1 

4 


Port Oraham, Cooks Inlat 

1 

1 2 


Seldovla, Cooks Inlet 


> 2 



Ilomer, Cooks Inlet 

1 ' 

>2 


Cordova, Princa William Sound..... 

> 17 

1 0 
1 


Observation Island, Cordova 




Collection 


U.S.N.M. 

Stanford, H. C. McMillin. 

Coll. Wosnessensky, 1858, from Acad. Scl., 

U. It. s. s. 

Stanford, S. P. Smith; U.S.N.M., W. J. 
Fisher. 

Stanford, C. Rutter. 

U.S.N.M., Albatross. 

U.S.N.M., AY. H. Dali. 

U.S.N.M. 

Do. 

Do. 

Stanford, A. W. Oreelay, II. C. McMillin. 
U.S.N.M. 


i Some specimens more or less intermediate between a spera and regularis; not extremes of either forma. 
* See note under jMrrra; somewhat intermediate with regularis. 
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Spfctrntfis of Leptastrrias heiaclxs examined —('on tinned 


Nuralwr of i«|*clm«nj of f* nn»- 


l>ociillly 


Kfj- 

QCtll 


a tfxra 


rtj u- 
foru 


• idrrfn pt<na 


Collect Inn 


Tor! Etcher. Alaska. 

Fnntwr Hay, Lyno Canal - --- 

Sitka, AU*kn 

Wrangell, Alaska 

lyorlnp, Alaska 

Security Hay, Alaska „ 

White 'Voter Bay, Alaska — 

Cape Fox , Sou Iheost A laska .......... 

Forrester Islam!. Southeast Alaska 

Fort Rupert, Vancouver Island 

Alert Bay, Vancouver Island 

Vancouver Island (Conoox or Sooke) 

Boundary Bay, British Columbia 

Victoria, British Columbia 



> 8 

M » 16 


Orcas, Sao Juan Islands, Wash 2 

San Juan Islands, Wash 1 15 27 

1‘uKet Sound '3 1 l .. 

l)o I 

Strait of Fuca .. * 1 1 

N*eah Bay (Cape Flattery), Wash < 


2 

1 


3 


» If 


U S N M , w II Dali 
U.8.N M , Albalrooa. 

Stanford, U.8.N.M 

V SNM, W ]| Dali, W. 11 Jonea. 

U 9 N.M. 

U.9.N.M . W II Jones 
Do 

Yale, W It Coe 
Sun ford, II. Heath. 

V 9.N M , Harlan Smith 
Stanford; U S.N.M 
Victoria Memorial Museum. 

Stanford. F W. Weymoutzi. 

US N M , J. K. Benedict, Wm. Palmer, 
A Ibalross 

Stanford, K. C. Starks. 

Cal. Arad. Sd , shore to 25 fo thorns Ida 
Oldroyd. 

IT SNM , Dr C. B. Kennerly 
I’.S.N M., D S. Jordan; Stanford, K. C. 
Starka. 

Staoford, lra Cornwall, U.9 N M , D. S , 
Jordan 

U. S.N.M., J O. Swan, 


1 Some specimens more or leas Intcrinedlate between otptra and rtgutarh; not extremes of either forma. 

* See under roncourcri. These are part of the series of ranrourcri and are sulBdcntly large (It 30 mm. or mnre) to preclude the 
possibility of their being the young of mullispinotis ra ncourrri, 3 5 i*>cimcas are pretty clearly Intermediate with rtfularu 

* No. 13 />, U. S.N.M , type and 2 parntyjs’S. 

* No. 1388. C S N M , jrnrt ol tyi*e series of Astrrias Knartu 

* William Hond west of Victoria. This is similar to the most regular of the San Juan Islands version of kvoetU. 


LKPTASTER1 AS I1KXACTIS VANCOUVKUI (Perrier) 

Pluto 45, Figures 1, Id I<*; Plate 4G, Figure 1; Plate 53 

rancourm Perkier, Krv. dcs Stoll., 1S75, p. 64; Ann. and Mag. Xat. ser. 4, 

vol. 17, 1N76, p. 35 (Vancouver Island). 

Lcptastcrias vancouveri Veruill, Shallow-water Starfishes, 19H, p. 125. 

Diagnosis . — Kays six. A problematical and very variable form, in its extreme 
development resembling a eoarse-spined /,. a equal is but practically intergrading with 
L. hcxacitis. Rays moderately stout, tapered; spinelets typically arranged, by groups 
or singly in longiseries; earinals three to live, dorsolaterals one to three, supero- 
marginnls two to five, inferomnrginals two tt> one, actinals one per plate (tvto series 
proxi in ally); dorsolateral area typically narrow; suporomarginiil plates broad, with 
typically three, four, <>r live spinolots in a vertical comb; usually six longiseries of 
dorsal papular areas. 

I examined Perrier’s type in the Hritish Museum. It is one of ihe extreme, more 
multispinous variations of the race having prominent regular earinal plates, fairly 
regular dorsolaterals and four or live superomnrgiital spinelets. 


no 
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I have given this extraordinary form subspecific rank in order to omphasizo its 
pecularities— structural, developmental, and geographic— and to free hexactis and 
aequalis from a further encumbrance of formao. 

Its range so far as known is restricted to the general region of the confluence of 
the Strait of Georgia, Strait of Fuca, and Puget Sound. The largo series which I 
have examined was collected among the San Juan Islands, chiefly by Mrs. Ida Oldroyd. 

Its younger stages are different from those of aequalis in having fewer, more 
widely spaced dorsal spinclcts (arranged in pretty regular longiserics). Its structural 
pecularities concern the wide range of its variations. These variations include a 
few specimens which appear to bo intermediate with L. hexactis f. regvlaris, which 
occurs with vancauveri at the San Juan Islands. Other oxtermes aro closely similar 
to L. hexactis f. hexactis as noted below. 

In order to arrive at some semblance of order the specimens will bo divided into 
groups on tho basis of the number of supcromarginal spinclcts. 

I. Supcromarginal spinclcts, four or five, rarely six, in a vertical series; a broad 
conspicuous band of these combs extending along the dorsolateral curvature of tho 
ray (pi. 53, fig. 3); supcromarginal plates broad and regular; infcromargmal spinolots 
longer than supcromarginal, slightly curved, two proximally and one or two distally; 
a series of slightly longer actinal spines reaches far along ray while a second scries 
is usually present on tho proximal third or half of ray. There is a definite channel 
above tho supcromarginal spinclcts and a narrow intermarginal one; in addition to 
the dorsolateral papulae (seo below) an intermarginal and two incomplete actinal 
series (largo examples). Adambulacral spines subcylindrical to subclavato, slender, 
usually (wo at base of ray; then one and two, or one only. 

a 1 . Abaetinal spinelets have the appearance of forming fairly regular longiseries (proximally two, 
distally one) on either side of the regular carinal series. Spinelets short, typically robust, 
cylindrical to subcapitate, round-tipped to subtruneate, coarser, more widely spaced and 
fewer than in aequalis of the same size; dorsolateral spinelets one to three per plate, usually 
two or three; carinal spinelets three to five; usually six discernible longiseries of abaetinal 
papulae. No small specimens. 

6 1 . Carinals conspicuously broadened, nearly as wide as the dorsolateral area. Dorsolateral 
plates very compact (one specimen only, R 60 ifnn., r 10 mm., br. 10.5 mm.) (PI. 53, 
fig. 1.) 

5*. Carinals narrower than either dorsolateral area (pi. 53, figs. 2, 3); groups of dorsolateral 
spinelets (not individual spinelets) in more or less distinct longiseries separated by longi- 
series of papulae (six for abaetinal area); rays moderately robust; 11 specimens from R 
32 min. to U 54 mm. (latter with R— 5.4 r). Type of vaneouveri belongs here. 
a 2 . Abaetinal spinelets similar in numbers and form to a 1 but not arranged in longiseries of groups 
or only very indefinitely; even the carinal series of groups rnay lose its distinctness; irregu- 
larity largely due to papulae falling out of longiserial alignment; R 55 mm.; eight specimens, 
three more or less intermediate with a 1 . (Pi. 53. fig. 4.) 

IT. Supermarginal spinelets averaging three; in some specimens being proxi- 
mally four, distally three; or rather irregularly three or four; or three, with two 
spines on a minority of the distal plates; or three distally and two irregularly on some 
on the proxiinals; dorsolateral plates with one to three spinelets but more often one 
or two; frequently only one inferomarginal spine. 

a 1 . Abaetinal spinelets arranged in fairly regular longiseries; six longiseries of papular areas in well 
grown examples; carinal plates all rather narrow with three to five spinelets. Differing 
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from la 1 in that tin* thirsolaloriil platen carry one or twu ralhrr tlian two nr three npuieh U. 
Whatever factors retluce the iiiuiiIh r of HUperoinarRinnl hpineletn act aim* upon the itbactmul. 
Fuurlcrn npecimeiiH, H ’2fi to K In linn., inclmhng two or three mtvrgraileH with a*. Shorter 
rayci!, more robusi hpeeimenn tend to have lean regular ahnctiiml Hpimdcti. Twiuty-hown 
npeciintMis It IT) nun. to It 25 nun. ami from quite scltirlcr (U’2-1 mm hr. 5.5 nun ) to decidedly 
plump (It ‘23 mm.; hr. 7.5 nun.) ray*; dorsolateral Hpinehtn usually solitary. Some of 
these are prolmhly young hi 1 , without the adult, full complement of spinelcts. 
a 5 . Similar to la 1 , spines varying in coarseness; ra\s medium rohust, none very slcidtr; se\en 
specimens, It 22 mm. to 12 mm. Two other specimens intermediate between n 1 and a 1 
and with subcapitate, spaced spinelcts coarser than in a 1 resemble L. carnt .'chat tea fPl. 
53, tig. 5.) 

III. Supermarginal spinelcts two, sporadically throe; dorsolateral pi ales with 
usually solitary spinelcts, as a consequence of which the spinelcts appear well spaced; 
carinals with usually two to throe spinelois; inferoinarginnls usually one, sporad- 
ically two. 

a*. In the most regular examples, there arc two longiscrics of solitary, * pact cl , dorsolateral spmeh U 
on cither side of the carinal series of plates, which carry three (two to four) spinelcts; six 
abactinal longiscrics of small papular areas. Nine specimens U 2S mm. to U 12 nun., 
slender to medium robust rays; *12 specimens, It 7 mm. to It *25 inm., slender to n bu*»i rays. 
A considerable number of these arc evidently young of I la 1 , or even la 1 , I FI. 53, tig. b. 
a 1 . Abactinal spinelcts not in evident longiscrics. Three variants are shown. (PI. 53, tigs. <, s, 9.) 

Figure 8 has the long rays of vancauvtri but the abactinal spinelcts are arranged much as 
in L. hcjactis forma rrpufarM, and many of the superoniarginals are monacantliid. I Iijh 
and two smaller similar ones are intermediate in appearance between tancmnrn and 
rcgularis, but whether biologically so I am unable to say. Five specimens, It 30 nun. to K 
51 nun. The largest has somew hat swollen rays and three or four spinelcts on a few suprro- 
niarginals. There is a slight indication of serial arrangement of abactinal spinelcts as 
in Figure 7 (lateral parts of abactinal area>. Straight pedirclhiriac figured tPl. 11, fig. 5.) 

In the foregoing enumeration of variations there is a pretty complete series of 
gradations from forms (Ilia 1 ) which are difficult to se])urate from L. hejadis f. 
hexactis (and others, 11 la 1 ', which appear to lie intermediate with f. regularis) to one 
which can easily he differentiated on the lmsis of three or four suporomarginals (11). 
This in turn pusses without hiatus into typical mneoureri (la 1 ) which resembles 
largo, course spined aequalis and is therefore quito distinct from (Mass III. 

In (Mass II there is a deviation toward ihe small variety of L. hcjractis forma 
plena with which the type of hejractix shows close relationship. 

If large specimens of rtinconreri are placed side by side with aequalis they may 
he told at a glance: wnraureri 1ms coarser, less numerous abactinal spinelcts (espe- 
cially on the carinals). If tin* small phase, or young, of Class II is also the young 
of la, then the difference is even more marked, since the young of la, from having 
conspicuously fewer spinelcts, are quite unlike the young of aequalis. In thi* rase, 
the similarity between the adults of aequalis and rancoureri would result from 
convergence. 

The mouth plates do not offer any help. The aetinoslomial spine i* about as 
long as plate and usually has a small lateral companion. 

Madreporie body conspicuous, about mid r. Crossed pedicellnriae fairly 
abundant, in circlets around 1 he abactinal and supermarginal spinelcts. They are 
not particularly diagnostic, the enlarged tooth on outer side of lip being sometimes 
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slightly developed, sometimes suppressed. Straight pedicellariae ovate or triangular 
ovate similar to those of aequalis. (PI. 45, figs, lc, Id, \e.) 

Type . — In the British Museum. 

Type locality . — “Vancouver Island. ” The specimen is so like the prevalent 
form from the San Juan Islands that I think it probably came from that region. 

Distribution . — Puget Sound and adjacent regions of the Strait of Fuca and 
Strait of Georgia; shore to 60 fathoms. 

Specimens examined . — One hundred and twenty-six. 

San Juan Islands, Wash. (Friday Harbor and Orcas Island) intertidal; a few 
from 20 to 25 fathoms. 

Seventy specimens of Classes I and II; 56 specimens of Class III, some of which 
are young of vancouveri, others either forma hexactis, or facsimiles. 

Remarks . — Some of tho specimens of Class III, enumerated above, are L . 
hexactis forma hexactis for ordinary purposes, and no diagnosis can be given which 
will separate them effectively from the types of L. hexactis. Yet some of Class III 
are undoubtedly the young of Class II, probably also of Class I (typical vancouveri). 
In all probability the type specimens of hexactis have nothing to do with vancouveri , 
but are variants of regularis. The logic therefore is that some of the specimens of 
Class III are genetically quite different from L. hexactis , although so similar in 
appearance. 

LEPTASTEIUAS PUSILLA, new species 

Plate 45, Figures 3, 3a-3d; Plate 46, Figures 2, 2a~2d; Plate 54, Figure 5; Plate 55, Figures 1,2, 7. 

Leptasterias hexactis Verrill, part, Shallow- water Starfishes, 1914, p. 127 (Monterey). 

Diagnosis . — Differing from the slender phase of L. hexactis f. hexactis in its con- 
stantly small size, in the different dentition of the crossed pedicellariae and different 
shape of the straight pedicellariae which are constantly narrow-ovato or elliptical in 
contour. Rays six, slender, subterote, tapering from a narrow base; disk small, 
R 22 mm., r 5 mm., It =4.4 r (varying to 5 r) ; breadth of ray at base 5 mm. Spinelets 
small, slender, spaced, the carinal plates with proximally one to threo and the dor- 
solaterals with usually one spinelet, all without serial order or else in five poorly defined 
longiseries; superomarginals, two, sometimes three, in fero marginals two; actinals one. 

Description . — Abactinal spinelets (pi. 46, figs. 2, 2 a, 2b) slender, longer than 
thick, terete to subclavate, thorny, one to three to a plate on disk; on rays one to 
three to a carinal plate; ordinarily ono, occasionally two to a dorsolateral. Spinelets 
0.3 to 0.4 mm. long, spaced by about their own length. They aro arranged in about 
five not very regular longiseries of which the median or carinal, composed of groups 
of two or three spinelets, is not conspicuous as in aequalis. The dorsolateral plates 
occasionally carry two spinelots. In some specimens the spinelets are not arranged 
in definite longiseries. Size of papular areas variable. In one variety they are longer 
than plates of ray and the skeleton appears open, while in the other the areas aro 
subequal to the plates or smaller. Papulao one to an area. 

Supcromarginal plates not conspicuous, four lobed with two slender spinelets 
similar to but a trifle longer than the dorsals, one on the dorsal, one on the ventral, 
and occasionally a third on the adoral lobe. 
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Intermarginal channel well marked with a series of single papulae. Infero- 
marginnl spinelets two, the upper slender, subequnl to or a little longer than the snpero- 
marginal, the lower 50 to 100 per cent longer, and much stouter, hlnnt. First three 
to five, with one spinelct. A single series of similar nothin! spines extends one-half 
to three-fifths K. There are five fairly regular longiseries of lateral and nctinal spines; 
two superoinarginnl, two infemmarginnl, one actimil. 

Adambvdneral armature: One spinelet on first three or four plates, then two 
spinelets to a plate for a varying number; then alternately one and two, fairly regu- 
larly. Some specimens have diplncanthid plates extending to middle of ray or even 
farther. The spinelets are slender, terete, slightly elavate, round-tipped, a little, 
smaller than the netinals. The furrow spinelet is usually slightly slenderer than the 
outer. First pair of adumhnlacrals in contact interradiidly and sometimes inner 
corner of second pair in contact. 

Month plates (pi. *15, lig. 3c) with the usual tlireo spinelets. The inner of t ho 
two actinostomial spinelets usually equals the plate in length, while the suhoral is 
appreciably longer. 

(Tossed pcdiccllarine (pi. *1G, fig. 2 d) f distributed as in L. aequalis, are not espe- 
cially abundant, there being one to six around each abactinal spine hut attached to 
the plate. In alcoholic specimens in which the skin is somewhat swollen they appear 
nearly as thick as the spinelets, hut shorter. There is usually one (on some examples 
one to three) on each ndambulacrnl spinelet; lacking on some spinelets. 

The extreme lateral teeth of lip are not enlarged on outer side of jaw; length, 
0.1S to 0.19 mm. Compare with L. acqualis (pi. 40, fig. 3) and L. h exact is f. hcxactis 
(pi. 44, fig. In). 

Straight pcdiccllarine more elliptical, less triangular in contour and relatively 
larger than in /,. aequalis and L. hcxactis. (PI. 45, figs. 3, 3/2, 3 h.) They are about 
0.4 mm. long and are found very sparingly in the intermarginal channel, in the nctinal 
interradial channel, on proximal adanibulacral spines and oral spines, and occasionally 
on proximal inferomnrginnl and nctinal plates, while smaller ones are found along 
the furrow face of the udnmhulncrnl plates. 

Madroporic body small, situated at middle of r and surrounded by a circle of 
spinelets. Striae few, relatively coarse. 

Color in life: Mottled olive green and pale straw color; carmine and pale straw 
color; blotched with purplish red on a lighter ground. 

Anatomical notes . — The skeleton (pi. 45, fig. 3rf) in addition to one series of rather 
small 4-Iobed carinal and on either side two series of larger 4-lobcd marginals, con- 
sists in the adult of twice two series of dorsolaterals and on proximal part of ray of 
twice two series of actinaU. The marginals are the largest plates, and the supero- 
marginals have a prominent descending lobe. The inner row of aetinnls are always 
very inconspicuous since they do not carry spines. 

1 urmfion-sv This species is less variable than /,. aeqaalis. The rays are never 
short and stout as in some (but not all) examples of L. aeqnalis f. nana. They vary 
in the degree of slenderness. As a rule in large specimens R is about 5 r. The skeletal 
meshes van* from being smaller than the plates to appreciably arger. In the first 
ease the skeleton appears to be close-knit; in tin 1 latter decidedly open. The length 
of the abactinal spinelets varies. Short-spined specimens are often difficult to separate 
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from L. aequalis f. nana of equal size. Tho latter may have slender rays, but have 
more numerous closely-placed abactinal spinclets. The form of their straight 
pediecllariae is a fairly reliable recognition mark, but those arc sometimes absent in 
very small specimens, and are occasionally narrower than normal in aequalis . 

Type. — No. E 1499, U.S.N.M. (from Hopkins Marine Station). 

Type locality. — Monterey Bay (Cypress Point), Calif. 

Distribution. — Monterey Bay and Pillar Point (south of San Francisco Bay). 

Specimens examined. — Numerous examples from Monterey Bay (Pacific Grove) 
and tho region between Monterey Bay and Carmel Bay, Calif. 

One specimen from Pillar Point, San Mateo County. 

Remarks. — During January this species carries eggs and embryos clustered in the 
'oral cavity of the actinal surface, and the tiny young leave the mother in February 
either before or while aequalis is laying. The young of the latter arc ready to fend 
for themselves in late April or early May. There is thus a fundamental biological 
difference between aequalis and pusilla. 

Pusilla is not unlikely an extension of hexactis stock southward to Monterey. 
But unlike hexactis of the north, it is comparatively homogeneous. Inasmuch as 
pusilla shows certain constant differences, it seems best to give it specific rank since 
hexactis is such a polymorphic species. Pusilla is a counterpart of forma hexactis. 

Vcrrill used this species as a basis for his comparison of hexactis and aequalis and 
was hence led to erroneous conclusions as to the straight pcdicellariae of hexactis. 

LEPTASTERIAS AEQUALIS (Stimpson) 

PJate 46, Figures 3, 3a-3c; Plate 47; Plate 54, Figures 1—4 ; Plate 55, Figures 3-6; Plate 71, Figures 

2, 2a-2c 

-4s/crias aequalis Stimpson, Proe. Boston Soe. Nat. Hist., vol. S, 1862, p. 273. — Verrilli 
Trans. Conn. Acad. Sci., vol. 1, 1867, p. 327. 

Lcplaslerias aequalis Vehrill, Shallow-water Starfishes, 1914, p. 128, pi. 16, fig. 8; pi. 18, 
figs. 1, 2; pi. 25, figs. 5, C; pi. 56, fig. 5. — Fisher, Ann. Mag. Nat. Hist., ser. 9, vol, 12, 
1923, p. 599. 

Lcptastcrias aequalis var. conipacta Verrill, Shallow-water Starfishes, 1914, p. 130, pi. 56, 
fig. 5. 

Lcptastcrias acqualis var. nana Verrill, Shallow-water Starfishes, 1914, p. 132. 

Lcptastcrias acqualis var. concinna Verrill, Shallow-water Starfishes, 1914, p. 132 

Diagnosis. — Size small to medium; rays six, slender to moderately stout, arched, 
slightly swollen at base; abactinal and lateral surfaces compactly covered with gran- 
uliform spinclets which form groups, aligned in more or less definite longiseries by 
small papular areas; carinal scries conspicuous, with numerous spinclets; supero- 
marginal series broad with an angular or vertical series of four to eight spinclets; 
infcromarginals with two longer spinclets; one long scries of similar actinal spinclets; 
crossed pcdicellariae with enlarged, external lateral tooth on terminal lip; straight 
pediecllariae few r , small, triangular-ovate. Typical large specimen, R 52 mm., r 13 
mm. R = 4 r; breadth of ray at base, 12 to 14 mm. (PI. 54, fig. 4.) 

Description. — The abactinal and lateral surfaces of the body have the appearance 
of being covered with a uniform close granulation. In alcoholic specimens this 
appears more compact by reason of the papulae and swollen sheaths of pcdicellariae. 
The spinclets increase gradually in length from the carinal tow r ard the supermarginal 
but are not precisely uniform on any one plate. They vary in length from about 0.35 
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to 0.7 mm. and are broader at top than at base. The liner structure is characteristic. 
The vortienl ridges carry expanded bladclikc, hyaline, sharp thornlets, more de- 
veloped than those of ftcsuctis. 

The abnetinal skeleton is compact and ( he groups of spinelcts are usually arranged 
in fairly delinite longiseries, frequently interrupted and often not at all regular on the 
dorsolateral plates. In typical specimens there is a broad earinal hand of spinelets, 
upward of 10 to a plate, and on either side the equivalent of two dorsolateral series, 
that next to the superomnrginals the more regular. There are three dorsolateral 
longiseries of papular areas, smaller than the plates. Dorsolateral* with from one to 
six spinelcts. Hate* not to he differentiated without preparation. 

Snpero marginals broad, the series bending upward at base of ray; plates armed 
with a vertical (transverse) angular series, or shallow chevron, of five to eight spinelets 
proxiinally (four or live in smallish specimens) ami about five distally (two or three 
in small examples). Spinelets similar to hut slightly larger than the dorsolaterals and 
usually slightly bent as in Hate 47, Figure 1<7. The supero marginal hand of spinelets 
is broader but less compact than the earinal. 

Intermarginal channel very narrow. Inferomarginal plates with two (occasion- 
ally three) spinelets, the upper snbcqual to largest superomarginal spines, the lower 
spine usually much larger, fattened and subtruncate at tip; sometimes both are 
enlarged, especially distally. Knd of spinelets slightly upeurved. In compressed 
spinelcts the ventral border is curved as in a broad-tipped knife, while the upper 
border is straight, or only slightly upeurved. Sometimes the spinelets are sub- 
spat ulate. Proximal plates may carry only one spine. 

One series of nctinal plates extends three-fourths to four-fifths R, and each plate 
curries a single spine very similar to the larger inferomarginal. A second scries of 
smaller plates, armed each with n small spine (about size of smaller inferomarginal), 
extends in large specimens about two-fifths to over half K, and is absent in most 
small ones. 

Adnmbulacral plates variable. The plates of proximal third or half of ray have 
one and two spines in irregular alternation, sometimes continuing to near end of ray; 
or the plates of outer part have only one spine; the proximal plates, or a majority, 
may carry two spines while the distal are alternately monneanthid and diplneanthid, 
or t be only monneanthid ; or else all the plates are monnennthid with the exception of a 
few scattered diplneanthid plates proxinmlly. In a series of monneanthid plates 
alternate ones have a slenderer, more tapered spine somewhat advanced into the 
furrow. These plates lack the outer spine of the couple. The other plates, lacking 
the furrow spine, carry a somewhat heavier suhclavato or suhspntulate spine, usually 
turned away from the furrow*. The first two or three pairs of adnmbulnornl plates are 
in contact interradinlly. First plate somewhat longer than second. 

Mouth plates of the usual small size. For form and armature see Hate 47, 
Figures 2, 2a. While the longer of the two actinostomial spines is usually ns long or 
u little longer than the plate, there is considerable individual variation, and specimens 
from Monterey Ray may have this spine considerably shorter than the plate. The 
subornl spines are usually a little longer than the adorn! adnmbulacral spines. 

Papulae in small arens, few to nil area, but rather conspicuous in living specimens. 
There are about three dorsolateral longiseries, one iutcrmarginnl ami two nctinal. 
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Crossed pedicellariae (pi. 46, figs. 3, 3<i-3<Z) with the usual distribution. They 
are attached to plates at base of dorsal spinelets but are not sufficiently numerous 
to form wreaths as in L. hexactis. Interrupted wreaths are present on supermarginal 
spinelets and small tufts on outer side of inferomarginals, aetinals, and adambulacrals. 
The ahaetimd pedicellariae measure 0.19 to 0.22 mm. in length and are characterized 
by the increased size of the external lateral teeth of the terminal lip of the jaw as 
shown in Plate 46, Figure 3. Sometimes only one tooth is enlarged, sometimes 
several. The adambulacral pedicellariae have a somewhat longer lip and are slightly 
larger than the abactinal (0.24 mm.). 

Small straight pedicellariae (pi. 47, figs. 3, 3tf-3tZ) are found chiefly on mouth 
and proximal adambulacral spines, very sparsely in interradial, intermarginal, and 
actinal channels and just above the supermarginal plates; small pedunculate ones 
(0.2 to 0.4 mm.) are scattered along furrow edge of adambulacrals. They are fairly 
broadly triangular in contour, compressed, and the tips of the jaws may be somewhat 
unguiculatc. They are usually very scarce outside of the ambulacral and oral plates 
and are never conspicuous. The largest (interradial) are about 0.5 mm. in full- 
grown males. 

Madrcporic body conspicuous, surrounded by a close palisade of spinelets; 
external margin at middle of r; striae fine, branching, or interrupted. 

Color in life. — Large specimens are usually olive green, either uniformly dark, or 
dark mottled with paler green; actinal surface whitish, ashy, or pale pinkish gray; 
tube feet very pale translucent gray green. Small specimens may he dull rose pink 
or mallow purple blotched with pomegranate purple, whitish on under side; others 
are gray green mottled with darker olive. A medium-sized specimen of forma 
oequalt s: General color of abactinal surface rich greenish brown rather faintly marbled 
with dark raw Siena and pale Hooker's green. The ends of fluted spinelets pale 
greenish yellow; pedicellariae same; papulae pale greenish to bottle green, golden at 
ends; madrcporic body cream color; marginal spines Naples yellow becoming more 
and more greenish toward end of ray; tube feet Naples yellow. 

Specimens collected under rocks at Port Renfrew, Vancouver Island, by Dr. 
John C. Brown: “Color variable, often gray browns; some are orange with gray- 
brown specks and blotches all over; some are light coral pink (like coralline algae)and 
still others are bright coral red." 

Anatomical notes . — Skeleton (pi. 46, fig. 3e): In most specimens the skeleton ol 
the ray consists of regular longiscrics of conventionally 4-lobed or somewhat lozenge- 
shaped plates with the exception of the dorsolateral area where the regularity is 
broken. There are essentially two dorsolateral scries; that adjacent to the carinals 
rather zigzag and separated from the second or outer by a fairly regular longiseries 
of papular pores. The dorsolaterals aro quite regular in contour. In a few specimens 
examined the serial arrangement of abactinal plates was entirely broken up on the 
proximal half of ray. The supermarginal plates are much the broadest of any. 
The interbrachial septum consists of strong imbricating plates. 
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Form* A Kill? A US (S(lmp^»n) 

Plate 51, Figure* t, 2, 3, 4; Plate 55, Finn re <3 

Lfjitastcnas aequalts vnr. compart i Vrrkill, lOt-1, p, 130, pi. 50, Or 5. 

Iscplastcriaa acqualis vnr. concinua Veurill, HU I, p. 132. 

The typical and prevalent California form is that with fairly compart granuliform 
ahnctinal spinulntinn. There is a fairly regular rarinnl hand of more closely set, 
numerous granuliform spinelets. A semblance of regularity is pi veil to the dorso- 
lateral groups on account of the frequently regular loiigiseries of papular pores. 
Both very largo (K foimn., pi. 54, lip. 4) and small examples of this phase are common 
A preponderance of the larpost are males. The averape breadth of ray is that of the 
larpe specimen. Sliphtly stouter and slenderer rayed examples occur. Smaller 
specimens (pi. 54, lip. 2) are likely to he stouter rayed, hut not invariably so. Nor- 
mally, ahaetinal crossed pedioellariae are not abundant. A slender-rayed variant has 
a complete circle of crossed pcdieellnriac around each ahaetinal spinelet. Siraipht 
pedieellarine of the slenderer and broader forms, as figured, occur in this typical phase. 
A variant has the earinul hand narrower, somew hat loss regular, and the dorsolaterals 
less repulnr. 1 1 is hut a short transition to specimens which, w hilo havinp pranuliform 
ahaetinal spinelels, show no evident serial arranpeinent of the proups of spinelets. 

The type specimen (No. 1372, U. National Museum, Monterey) has K 20 mm., 
r 6.5 inm., ami is a small example of what I have called the typical phase. It has a 
subregulur arrangement of the ahaetinal granules and three or four, rarely live, 
supermarginal spinelets. 

Verrill’s vnr. com pacta and vnr. concinua seem to me to he only well-developed 
specimens of the type form. His figure of the typo of \ nr com pacta indicates a small 
specimen although it is described as “the most perfectly developed variety of 
nctpialis.” It is not clear wherein it differs from \nr. concinua since both an* larpe, 
have numerous spinelets, crowded on the plates, and the clusters are arranged in 
three to five ahaetinal longiserics. 1 have examined the type of concinua. “Mon- 
terey to Straits of Fuca.” 

Form* NANA YrrrJll 

Plate 55, Figures 3, 4, 5 

Lcptastcrias acqualis var. nana, part, Veurill, I9M, p. 132. 

For ecological work it is convenient to recognize a small form which is charac- 
terized by slender spinelets typically fairly evenly spaced without arrangement in 
longiserics, or with this arrangement rather vaguely indicated. There are usually 
only two or three slender (not short, ohovnte) earinul spinelets to a plate, and some 
few specimens (including the largest, K 31 mm., r S mm.) have rather numerous 
ahaetinal pcdieellnriac. In the largest specimen they form complete circlets around 
each ahaetinal and siipcroiunrginal spine. This specimen has four or li\e super- 
marginal spinelets, two inferomarginal, and one long and one very short series of 
actinals. In the more characteristic small specimens, with K upwards of 17 mm . 
there are three to five slender supcromarginals, two very slender inferomarginals and 
one short series of slender actinals. 

There are slender and stout rayed examples, the former sometimes dilhcult to 
separate from small specimens of pusilla. Certain specimens on account of their 
intermediate characters ran not he placed definitely either in forma acqualis or 
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forma nana. It seems probable that Verrill included young f. aequalis in his variety 

nana. m 

Botli formae carry eggs while still small. I have a specimen of nana with K 
10 mm. which carries young nearly ready to leave (March 30, 1921). Monterey. 
Type oj Leptasterias aequalis. — Cat. No. 1372, U.S.N.M. 

Type locality. — Monterey, Calif. (A. S. iaylor). 

Distribution. — Sail duan Islands, Wash., and Strait of Fuca to Santa Catalina 
Island, Calif. 

Specimens of Leptasterias aequalis examined 


Locality 


Number 
of speci- 
mens 


Collection 


Noah Hay, mouth of Strait ol Fuca --- 

Fort Renfrew, British Columbia (Strait of Fuca) 

Friday Harbor, San Juan Islands, Wash 

Crescent City, Calif 

Fort Brags, Menducino County, Calif 

San Francisco Bay, Calif 

Monterey Bay, Calif 

Cayucas, Calif 

Santa Cruz Island, Calif -- 

Santa Catalina Island, Calif 


5 

9 

22 

2 

1 

Many. 

S 

1 

2 


U.S.N.M. 

Stanford, J. C. Brown. 
Stanford, F. W. Weymouth. 
Stanford, C. L. Ilubhs. 
Stanford, R. P. Hays. 
U.S.N.M., John Uornung. 
Stanford, W. K. Fisher. 
Stanford, Myrtle Johnson. 
U.S.N.M. El. W. Henshaw. 
U.S.N.M. 


lie marks. — It is questionable if typical large aequalis reaches the Puget Sound 
region. The Noah Bay specimens (R 21 to 25 mm.) appear to be a variety of forma 
aequalis. The specimens from Friday Harbor have the smaller and more granuli- 
form spinelets of aequalis as well as tho peculiarities of the crossed pedicellariae but 
fewer nbactinal spinelets than typical Monterey specimens of the same size (R 21 
to 35 mm.) This lot of specimens is easily separable from vancouveri y yet any 
specimen from tho San Jaun Islands must be viewed with suspicion and allocated 
with extreme caution. Something connected with environment plays havoc with 
specific boundaries. 

It is possible that L. aequalis intergrades with L. hexactis forma plena , and ’ 
thence through siderea with L. camtschatica dispar forma nitida. 

LEPTASTERIAS ALASKENS1S (Verrill) emended 

Plato 48, Figures 2, 3, 5; Plates 56, 57, Figures 1, 2 

Asterias epichlora var. alaskensis Verrill, Araer. Nat., vol. 43, 1909, p. 549. 

Leptasierias epichlora Verrill (not Brandt), part, Shallow-water Starfishes, 1914, p. 132. 

Leptasterias epichlora alaskensis Verrill, Shallow-water Starfishes, 1914, p. 136, pi. 28. 
fig. 1, 2; pi. 85, fig. 1-ld. 

Diagnosis. — Rays six. Differing from L. camtschatica in tho irregular arrange- 
ment of the abactinal spines, usually in a reticular pattern, without indication of 
longiseries; in the position of the superomarginals low on side of ray; in the feeble 
development of actinal plates which form only one series extending to middle of 
ray, or less; in tho presence of largo bivalve “ stone-hammer ” pedicellariae on the 
lateral and actinal portions of ray. R 55 mm., r 15 mm., R= 3.7 r; breadth of 
rav at base, 16 mm. (Unalaska). 
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Verrill believed, erroneously, that this species commonly includes .Waved 
examples, lie apparently employed tdaskensis in a curious wny to rover the ti-rnyed 
specimens while epichlora was used ill a rather vague, eompivhen-i\ e srii.se, for all 
t he \arieties combined. The type of ulask'nsis is from lunlu^ka Dutch Harbor) 
but he rites localities from Puget Sound to the Aleutian Mauds. l have ne\er 
seen a 5-rayed specimen and 1 believe such are extremely rare in the adult state, 
since 1 ha\e examined very many more specimens than were available to Verrill. 
Some of his supposed forayed specimens are forms of voting AV»/*frr/<iv troschfl'i 
(for example, variety subtunlulosa). 

1 have restricted the name aloskensis to that portion of the species (of which 
VerriH’s type is an example) which ranges from Attn Mand to Cooks Inlet and 
probably a little further south. The ranee of this race corresponds closely to that 
of L. camt<chatica dispar. 

Verrill writes that the species has a complete series of peractinnl ossicles each 
bearing one large spine and that in large specimens a short second row is found at 
the base of the rays. This is not a fact. One means of distinguishing nfa*ktn*is, 
its races and formae, from /,. camtschativa and allies is by the feeble development 
of its aetinal plates and spines, w hich never form a complete series and only in largo 
specimens reach the middle of the ray. A second row is never prt <cnt. The absence 
of a real aetinal area allows the marginal plates to drop low* on the side of the ray, 
while in camtschutica, dispar , and allies they are rather high on the lateral face of ray. 

Formn A 1„.\S K I'NSIS (Verrill) emendrd 

Flat** *18. Figure* 2, 2a 2/; Plate 50 

The following description is of the type forma and its major variations 

Description of forma nlnskcnsis . — Spinelets numerous, irregularly arranged iu 
single lines surrounding the papular areas, which are unequal in size and without 
longiscrial alignment except immediately above the supermarginal plates. Spine- 
lets unequal, small but robust, usually quite definitely subenpitnte, or capitate with 
a rounded or truncate, striated extremity. Those along the carinal line arc likely to 
he more closely placed, and either subequal to the others or a trille larger. Dorso- 
lateral region, between the enrinnl and supermarginal plates, well Idled in with 
spines which are rather evenly graded, as to length, with the supermarginal?. 
There is a distinct tendency in specimens from I'nalaska and westward for the carinal 
and a variable number of dorsolateral spines to form groups of two, three, four, and 
sometimes live, which, by reason of their slightly more prominent plates and superior 
size, give an uneven surface to the ahnetiual area (somewhat as occurs, in a more 
exaggerated way, in L. polaris aerrrata). 

Lower on side of ray than in L. camt«ch(it\ea is a well marked supramarginal 
channel and n regular double series of cylindrical, often subenpitnte, round-tipped or 
subtrunratc, hut occasionally slightly tapered, superomarginnl spines generally a 
little longer and thicker than the ahactimds, or even \erv decidedly so. Sometimes 
there are three spines, but never regularly. 

Below these is the regular intermarginal channel, followed bv a double row* of 
inferomarginal spines longer and hea\ ier than the superomargm.ils, and in large 
iUl*ii) 30 o 
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specimens there is a single actinal series extending less than halj the length oj the ray. 
These actinolateral spines vary from 50 to 100 per cent longer and thicker than the 
superoinarginals, arc quite variable in form, but are generally swollen and tapered 
to a blunt tip; or subcylindrical; or a trifle curved; or many of the spines are com- 
pressed, of even width; or else expanded toward the tip and subtruncate (Adakh). 

Adambulaeral spines alternate typically one and two, fairly regularly. They 
are much slenderer and slightly shorter than the inferomarginals, and the furrow 
spine of diphieanthid plates is decidedly slenderer and more tapered than the others, 
which vary considerably, form a cylindrical to a terete or compressed-clavate round- 
tipped form. Adoral carina composed of two or three pairs of contiguous plates. 

Actinostome small; mouth plates small, with three spines each — a fairly long, 
tapered suboral, and two apicals, of which the inner is a little longer than the median 
oral suture; and the outer spinelet one-half or two-thirds as long; occasionally sub- 
equal. Actinostomial margin of combined mouth plates slightly broader than the 
opposite margin adjacent to first adambulacrals. 

Papulae in alcoholic specimens are conspicuous and appear everywhere, irregu- 
larly, among the spines and pcdicellariae. The supramarginal, intermarginal, and 
proxiinally one actinal series of areas are regular. The dorsal areas are so variable 
in size and the number of papulae per area increases so with age that it is not possible 
to state any precise number of papulae. Anywhere from 3 to 12 occur in the dorsal 
areas of good-sized specimens, 3 to 6 in the intermarginal, and usually onh 7 1 to 3 
in the actinal. 

The straight pcdicellariae (pi. 4S, figs. 2, 2 a) afford one of the readiest means of 
identifying specimens. Characteristic bivalved pcdicellariae, having subrectangular 
jaws a little longer than broad or slightly broader than long, of variable but large 
size, with the edge of the jaw denticulate, occur, sometimes abundantly, on the dorso- 
lateral region of the ray, intcrmarginally, and on the actinal surface, especially in 
the interradial region. Sometimes the jaws are shaped like a miniature pecten shell. 
These pedicellariae, when well developed, have jaws 1 mm. broad, which exceeds the 
thickness of the abactinal spines, and even that of the inferomarginal spines, unless 
these are exceptionally heavy. The bivalved pedicellariae are b} T no means uniform 
in size. The largest are found at the base of the ray in the intermarginal and supra- 
marginal channels, and aetinally. 

Smaller ovate and lanceolate straight pedicellariae of divers sizes occur along the 
furrow 7 margin, on the oral spines, and in the clusters of crossed pedicellariae on the 
furrow 7 spines of diplaeanthid adambulaeral plates. 

Crossed pedicellariae (pi. 4S, figs. 2c, 2d) are usually only moderately abundant 
abactinally. They are spaced, sometimes wddely, around the base of the abactinal 
and supermarginal spines and form clusters on the outer side of the inferomarginal 
and adambulaeral spines. The abactinal measure 0.225 to 0.24 mm. long. 

Skeleton: The structural features differ from the arrangement in L. camtschatica 
as follows: Abactinal area much broader, the superoinarginals being actinolateral in 
position; carinal series extremely irregular, sometimes not marked off from other 
plates; dorsolateral skeleton more open, very irregular, and plates very irregular in 
contour; marginal plates rather smaller with usually more attenuate lobes; actinal 


ASTKROtDKA OF NORTH FAi lFIO AND ADJACENT WATERS FISHER 


127 


plates small, reaching to middle of ray; a f<*\\ rudimentary spinelses plates may ex- 
tend a short distance beyond middle. (PL *is, lig. 'If.) 

Madreporic body situated at tin* middle of r\ conspicuous slightly com ex, with 
rather lino hrnnrhed radiating striae. It is encircled by a \arinble number of 
spinelets. 

Variations . — Forma ahiskrnsi. s: The typical form which has ju>t been described 
is rather variable, especially in the western part of its range. A comparison of 
specimens from a series of localities, extending from Kodiak westward to Attn, 
reveals a gradual change in addition to local peculiarities. 

Western examples gradually become larger and there is a tendency for the 
major abactinal spines to form aggregates of two to five, to become incipient Iv 
“ncervate,” so that the abactinal surface is uneven, not rather even as is the con- 
dition in Kodiak and most Unalaskan examples. The hivalved pedieollarine, which 
at Kodiak are fairly well developed, become larger and heavier, and reach their best 
development from Unaiaska to Adakli. To the westward of Adakh they decrease 
in numbers and in breadth. Attn and Agattu examples in this character are inter- 
mediate with asiatica. 

Kodiak Island: The specimens in respect to straight pedieellarine are inter- 
mediate between L. alaskcnsis multispina and L. dlaskcnMs ahiskensi*. The lateral 
hivalved pedieollarine are distinctly smaller than in examples from the Aleutian 
Islands. Karluk examples, on the whole, have more spinelets, the supcromarginnls 
carrying two or three spinelets. (PI. 50, fig. 2.) These specimens fnvor multispina. 
Some of them resemble pribilofcnsis blit have narrower straight pedicellariae. St. 
Paul examples have fewer, more widely spaced spinelets, in common with others 
from Soldo via, Port Graham, Kukak Bay, and the Shumarin Islands. Ail tho>o 
have weaker spinelets than typical Unalaskan examples, and usually only one super- 
marginal spinelet, but here mid there two. The straight pedicellariae are smaller than 
normal. They intergrade freely with typical alaskams. (Sec forma thumagineiutis.) 

Unaiaska: Type locality. At Unaiaska the specimen* frequently have the 
larger abactinal spines in groups of two to four or even live, especially in the carinal 
series. The pedicellariae arc well developed, with wide jaws and have a rounded 
often irregularly denticulate distal margin. 

Atka: The specimens are characterized by the prominence of small group* of 
scattered abactinal spinelets and by rather greater disparity between the largest and 
smallest dorsal spinelets. There is considerable variation in the number of hivalved 
pedicellariae. The proximal inferomarginal plates usually carry only one spinelet, 
the distal two. The aetinal series of spinelets is absent or quite short. In com- 
parison with an average example from Kodiak, the spinulation is sparser, much 
coarser, and much less uniform. 

Adakh: The specimens from Adakh, another island of the Andreanof group, 
resemble those from Atka, but there are also seven specimens taken duly 5, JS93, 
which have the abactinal spinelets almost exactly typical. The largest ha* K S2 min. 
Like the others, it ha* a typical number of marginal spinelets and the artinal series 
extends half the length of the ray. All the spinelets are quite stout, but t lie marginal 
and ventral especially so. these being heavy, ehivate, or even elavate-spatulate. 
The hivalved pedicellariae are numerous and large, the jnw s being very often decidedly 
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broader than high, especially in those of the supramarginal and intermarginal chan- 
nels. The distal margin is finely denticulate and is often slightly produced in the 
middle. This is a prolongation of a low median ridge or carina which is sometimes 
found on the outer face of the valve. 

Amehitka Island: This is one of the Rat Islands between the Andreanof Group 
and the Near Islands (At tu and Agattu). The smaller of the five specimens resemble 
forma sh'umaginensis. The largest (R 3S mm.) has a more even surface than the 
Atka variety and also resembles the sparser spined intermediate specimens from Attu 
and Agattu. The bivalved pediccllariae are mostly smaller than typical with jaws 
usually higher than wide on outer half of ray. 

Attu and Agattu: The specimens from Agattu (pi. 56, fig. 3), the largest of 
which has R 65 mm., r IS. 5 mm., are rather more uniform in appearance than those 
from Attu (fig. 4). They represent a recognizable subrace of alaskensis notable for 
the robust abaetinal spinelets which are capitate, subtruncate, and do not define the 
papular areas in reticulate pattern, but tend to form groups which along the carinal 
line are crowded and sometimes a trifle elevated (especially in young specimens). 
These groups occur also on the dorsolateral region but with a few exceptions are not 
so well defined. The straight pedieellariae are about intermediate between those of 
alaskensis and those of asiatica. 

Numerous young specimens from Agattu (R 6 mm. to 25 mm.) have the carinal 
groups of two or three spinelets relatively more prominent than in large examples, 
while on the dorsolateral area the spinelets, of two or three sizes, are rather widely 
scattered. The lateral pedieellariae are thick-ovate with straight-sided or slightly 
tapered jaws, not greatly unlike the larger sort found in asiatica. 

The specimens from Attu (pi. 56, fig. 4) agree with those of Atka in having 
considerable disparity in size between major and minor abaetinal spinelets, and in 
having the former in prominent, though small, groups which give a very uneven 
appearance to the abaetinal surface. This is simply an exaggeration of the condition 
in Agattu examples. Four specimens are practically the same as those from Atka. 
The others have rather coarser spinelets. The bivalved lateral pedieellariae are rather 
larger than in the Agattu examples, but the jaws are not so wide as in Adakh speci- 
mens, that is, are not wider than high. 

There seems to be in this region (the Near Islands) a fairly^ definite subrace 
intermediate between alaskensis and asiatica } as exemplified by the majority of 
specimens from Agattu and some of those from Attu. Then there are (especially 
at Attu) a number of variants which may be the result of crossing of alaskensis with 
dispar. One evidence of this is the instability in the size of major pedieellariae; 
another the formation of prominent groups of carinal spinelets and the dwindling in 
size and number of the dorsolateral spinelets. 

Forma SI1UMAGINENSIS. new forma 

Plate 48, Figure 3, 3 a; Plate 57, Figure 1 

These specimens di^er from large, well-developed Unalaskan examples in having 
slenderer, cylindrical or slightly tapered spinelets which are only occasionally sub- 
capitate. They stand not very close together on the skeletal ridges and do not form 
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ft clearly evident reticulate design Km hor they appear to -land irregularly ‘•paced ; 
carinal series not at all or only feebly differentiated: no acervale groups. Hivalved 
pedicellnriae relatively narrow. 

Superomnrpnal spitielels usually one to a plate, slightly tapered, blunt, Mibequnl 
to the dorsolnterals to 50 per cent larger: spinelots well spaced, low on side of rny, much 
slenderer than in typical alaskensi*. 1 nfcromarginnls proxiinally one or two, dM ally 
irregularly one or two or regularly two, conspicuously larger than superomnrginals, 
typically tapered, blunt (not elnvnte). Actinnl spines either absent or represented 
by a very short series, similar to inferomarginals. The small plates extend scarcely 
a third length of ray. Intennarginnl channel proxiinally fairly broad, 

Hivalved pedicellnriae rather variable but with the jaws considerably narrower 
than high, and smaller than in typical alaskrnsis\ In a relatively few pedieellariae 
the jaws are nearly as broad as high and untnpered when viewed from the outer 
face hut in the majority the jaws are tapered. (PI. 4S. figs. 3, 3</.) 

Adambulaeral spines alternately one and two; or at base of ray irregularly one 
and two, distally one; or less often one throughout ray (Sanborn Harbor, Xagai). 
Two pairs of post oral inland minerals in contact. Oral spines three, as in alaskensis, 
but not quite so long nor so broad. 

Some of the specimens from Humboldt Bay have a much weaker than normal 
abactinal skeleton, with relatively slender ossicles and large meshes four or five be- 
tween opposite supermarginal plates. 

The rays vary in caliber from slender to medium stout. Largest example R 
•10 mm., r 1 1 mm., R =3.0 r. 

The variety from Seldovin, Cooks Inlet, was carrying eggs April 0, 1S92. 

Type of forma shvnwyinensis. — Cat. No. E 1500, U.S.XM. 

Type locality. — Humboldt Bay. Shumagin Islands. 

Distribution . — Cooks Inlet to Shumagin Islands. 

I\ Remarks . — This is n small rare or form which is found in the region between 
Unimak Island (where nearly typical alaskensis occurs) and Cooks Inlet. It inter- 
grades with n variety of forma al ask crisis on Kodiak, and probably elsewhere. It is 
none too homogeneous The characteristic smaller spinelets mostly monaeanthid 
superomarginals, and smaller straight pedicdlnriac are be-t exhibited by the Slm- 
magiu Island specimens. 

I'nrmji PKIIIll.OKENSlS, nr» forma 

I Int< is, rifniri** 5* Plate 57, I'iciro 2 

This is a medium-M/od rather slender-rayed varh'tx with K averaging about ID 
mm. and very numerous uniform nbartiiud spimdo t - compactly placed and defining 
small, numerous papular areas. Abactinal surface evenly arched, with a regular, not 
lumpy surface. The ‘•piiii'lou are generally much more delii ate than in f. alaskrnsis 
and very definitely form single or double pnlisadi s on the rid ires of the skeleton, 
defining a very evident reticulate pattern on the abactinal surface. Although the 
spinelets are often crowded along the carinal line tiny do not form convex groups. 
This form resembles the common variety of ulaskens^ from Kodiak but the ra\ s are 
slenderer and longer and tin hivalved pi -di roll urine larger. 
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Among the large series there are however some short, stout-rayed examples, not 
differing from the above in spine characters. These have broader pedicellariae than 
both sliumarjinensis and the small-spined intergrades with mvltispina which are found 
at Ivarluk, Kodiak Island. 

The abactinal spinelets are short, broadening toward the striate usually sub- 
truneate tip, which is usually subeapitate and provided with numerous minute 
points. The supermarginal spines, two or three in a vertical series to each plate, 
are only a little larger than the adjacent dorsolaterals, but the inferomarginals, two 
to a plate are decidedly longer and heavier, and are generally cylindrical or clavate, 
subtruncate. There is a single short series of similar actinal spines, these with the 
inferomarginals forming transverse series of three at base of ray. They are from 1.3 
to 2 mm. long, while the superomarginals are 0.6 to 0.S mm., and the abactinal about 

0.5 mm. long. The adambulacral spines alternate one and two. 

The lateral, dorsolateral, and actinal “dermal” straight pedicellariae are of the 
characteristic broad jawed, bivalve, goniasterid sort (pi. 4S, fig. 5a) generally thicker 
than the adjacent spines. The largest are in the supramarginal and intermarginal 
channels; but smaller ones occur among the inferomarginal spines. Some of these 
may have narrower jaws. 

Color in lije. — Dr. G. Dallas Hanna, who collected a large series at Village Cliffs, 
Village Point, and Zapadni Reef Rookery, St. Paul Island, made careful color notes 
and recorded 25 variations, some of them minor. The following are the principal 
color phases: 

1. Upper surface very dark green, borders of papular areas dark brown; actinal 
surface and tube feet light transparent green, the margins flesh color (15 specimens). 

a. Margins pink instead of flesh color (one specimen). 

b. Margin of ventral surface lighter pink, and tube feet flesh color (two speci- 
mens). 

c. With small bright purple spots uniformly distributed on upper surface; flesh 
color below, margins translucent green (one specimen). 

2. Similar to 1 but upper and lower surfaces slightly lighter (10 specimens). 

a. Gray muddy green above, flesh color below (2 specimens; see 12). 

3. Upper surface very dark brown, papular areas black; tube feet light dirty 
green; furrow bordered by flesh color (14 specimens). 

a. Lighter brown above, papular areas almost black (12 specimens). 

b. Upper surface still lighter brown, papular areas black, tube feet dark green, 
lighter green, or flesh color (four specimens). 

c. Dark brown all over (one specimen). 

4. Upper surface dark buff; papular areas small, jet black; tube feet dirty green 
bordered by flesh color (one specimen). 

a. Lighter bull above; actinal surface all flesh color (two specimens). 

5. Upper surface purple, sides brown; actinal surface flesh color (one specimen). 

6. Upper surface brick red all over; tube feet light dirty green bordered by pink- 
ish flesh color (two specimens). 

7. Upper surface light red with a few irregular blotches of blood red (one 
specimen). 
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8. Upper surface lavender (one specimen). 

ri. With a few* little spots of dark red (one specimen). 

0. Upper surface maroon (two specimens). 

10. Upper surface very dark purple; under surface flesh color tone specimen). 

11. Upper surface very dark blond red with dirty blotches (one specimen). 

12. Light gray above, with dark spots which become merged into a large area 
in the center of the disk; llesli color below (four specimens). 

Type of jorma pribilofensis.— Cat. Xo. K 1501, U.S.X.M. 

Type locality oj forma pribilojensis. — St. Paul, Pribilof Islands, rocks, low tide. 

Type of Leptasterias alaskensis. — Not present in Yale Museum collection, 1027. 

Type locality of Leptasterias alaskensis. — Dutch Harbor, Unalaska (llarriman 
expedition). The type locality is not designated in the text, but on page 172, 
opposite Plate 85, is said to be Dutch Harbor. 

Distribution. — Attn and Agattu (more or le>s intermediate with asiatica) to 
Kodiak Island and Cooks Inlet, Alaska, intertidal to six fathom-. 

Specimens examined. — Four hundred and twenty. 


Specimens of Leptasterias alashmsis examined 


Kodiak Island. . 
Karluk, Kodiak 


Locality 


f. a/n*k- 
entii 


I 

* M 


f. Mum* f. prC- 
afft n- ilof- 
rntis rn lit 


6t. Paul, Kodiak. 


SeJdovlA. Cooks Inlot U 

Port firnhwn, Cooks Inlet 3 


Chljmik Larooo, Alaskan rcolamla I 

Kukak Bay, Shelikot Strait 5 

Unea, Shumacm Islands . 1 

Humboldt flay, Shumaclo Waods 30 

Xoctl, Shumatfn Islands * 

Unimak Island, Alaska » 

SC Paul, l*rlbllof Islands 112 


Unalaska 

Aiks, Aleutian Islands 

Adakh, Aleul«*an Islands 

Amchitka, Aleutian Islands. 

Acattu. Aleutian Wands 

Atlu, Aleutian Islands 


40 

\*\ 

10 

<4 

30 

3J 


< ‘ollecM *n 


Acad Sd 1 U S. S , Wo§ne*K*n.ak)\ 

Junior 1. C. Putter 
Stanford, C Ituttrr, S. P. Smith 
V. S. N M , A Ibatroas, I«W. 

U S N. M . is~2 
U. S S’ M 
Stanf >rl 

U. S. N. M , W It I>il . 

U S. N M . Albatrn&s 

Do. 

Stanford. C II Gtll*rt 

U S N M , Slant rd. W m Palmer, O D Hanna. 
II Heath. 

U S \ M , Alhatn— a, Stant rl.ll Heath 
V S N M . Albatr 
l>o 

U. S. N.M.W II Dad 1 
U. S. N M . Mb tr »-s 
Do 


1 M »rc or less intermediates. 

I.EPT AST Kill AS Al.ASKKN.H1S ASI S riCA. new nuclei. 

Plate t^. Fig u re* I, tn id; Plate 57, Ki«urc*» 3, t, 5 

Diagnosis. Similar to L. ala^ken<is but the broad hivnlved pedirellariae of that 
form represented by narrow er-j a w ed ovoid one*;. Abaetinal %pines numerous, of 
rather uniform length, robust, subcapitate, arranged in a reeticular pattern. K 55 
mm., r 15 mm. R-3.7 r; breadth of ray at base, 15 mm. 

Description. — The spines are robust, the supcromnrginal and abaetinal being 
capitate and snhtruncato, with striate tips. The abaetinal spines are generally of 
uniform, or nearly uniform length, though of different sizes and rather compactly 
placed, outlining the small papular areas and forming an irregular reticulate pattern. 
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The carinal spines are not typically larger than the dorsolaterals although more 
numerous to a plate, and in some but not all specimens they form an irregular band^ 
due to greater crowding. The spines do not form conspicuous, often elevated groups 
as in Atka and Adnkh, and most of Attn and Agattu examples of alasl'ensis. There 
are typically two snperoinarginal spines, two inferomarginals (on the first three 01 
four plates, one) and a short series of actinals (scarcely reaching the middle of R). 
The first three four superomarginals may have three spines, or only one; the distals 
sometimes have three. The inferomarginals are heavier than the superomarginals, 
sometimes terete, sometimes slightly clavate. On the outer part of the ray the 
lower spine is usually heavier than tha upper, or the upper two, for three occasionally 
occur. 

Adambulacral spines one and two, in fairly regular alternation, and very similar 
to those of alaslcensis. Three adoral pairs of adambulacral plates are in contact 
interradially. The oral plates are also similar to those of alasl'ensis and the outer 
of the two apical marginal spines is frequently" absent. 

The straight pedicellariae (pi. 48, figs. 1, la-ltf) are of the common compressed 
ovate form, and are smaller than the broadly wedge-shaped ones of alaslcensis. Ir 
some pedicellariae the jaws, as seen from the back or outer side, taper narrowly to a 
blunt or acute point (fig. la) while in others (usually near the base of ra}" or in axillary 
channel) the jaws are untapered, sometimes slightly constricted at the middle, and 
end in two to four teeth (fig. 1 b). These arc more common in Medni examples, and 
are intermediate with the pedicellariae of alaslcensis. Small ovate and lanceolate 
pedicellariae occur in clusters on the oral spines, among the crossed pedicellariae of 
the furrow spines and on the furrow face of the adambulacrals. The latter are the 
smallest of all. 

Crossed pedicellariae distributed as in alaslcensis. They vary considerably 
in number. 

Madrcporie body as in alaslcensis, surrounded by a complete circle of spinelets. 

Variations. — It is to be noted that the straight pedicellariae of Medni examples 
are more variable than arc those of Bering Island specimens. Abaetinal straight 
pedicellariae arc very scarce outside of the supramarginal channel, and the number 
of marginal and actinal ones is quite variable. In the arrangement of the abaetinal 
spines there is much less variation than in specimens of alasl'ensis from Attn and 
Agattu. The abaetinal surface of asiatica resembles that of some stout-spined 
examples of alasl'ensis from Kodiak in which the pedicellariae arc also narrower 
than in typical alaslcensis from Unalaska westward. The largest specimen, from 
Medni, has R 62 mm. There are five specimens from Siinushir, Kuril Islands, which 
constitute a distinguishable form (pi. 57, fig. 5), differing from typical asiatica in 
smaller size, fewer and relatively larger abaetinal spines, which do not clearly define 
papular areas but appear scattered; and in the lateral spatulate pedicellariae of 
conspicuous size which occur along with ovate conical ones. This may be similar 
to the ordinary Kamchatkan form, of which there are no specimens. 

Type. — Cat. No. E 1502, U.S.N.M. 

Type-locality. — Nikolski, Bering Island, shore rocks, June 15, 1906. 

Distribution. — Known from Siinushir (Kuril Islands), Bering Island, and Medni 
Island (Commander Islands). 
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N pec i m e ns exa m i n rd . Si x l v ->\ x . 

Boring Island (Nikolski), short' rooks, *20 specimens, .lime 15, 11*00, Albatross. 

Boring Island (Nikolski), 5 to 10 fathoms, stones, algae, l speeiin-n, August l"> 
lsTO, Vega expedition. 

Metlni Island, slum* rooks, 31 specimens, dune 13, 11*00, Albatross. 

Sirimsliir (Milne Bay), Kuril Islands, 5 spot imens, dime *23, ltMMi, Albatross. 

I. K I* T AST Kill AS ALASK KNSIS M 1'LTISIMN* A. nr« 

Plate is, Figure 4; Plate 7j7, Figure* ft, 7 
f.rp'aiit rias epicHora alasktnais Vkkhilx, part, 1 0 1 !, p. 13ft. 

Dititytosis. — Differing from L. alasfcmsis f. alaslcnisi* of the Aleutian region in 
having slenderer rays, slenderer spinelets, and notably smaller bivnlved straight 
pedioollariae. Abnctimil spinelets unequal ; quite slender ones associated with stouter, 
subelavate, scarcely subcapitnte spinelets arranged in a close irregular reticular 
pattern or without definite arrangement; carintd spinelets not diirerentiated. Super- 
omarginnl spines, usually two, or one at base of ray, typically >Iender; inferomar- 
ginals usually two (some times one); netinnls small, sometimes im riling and \u ver 
extending beyond middle of ray. K 45 mm., r 10 nun.; breadth of ray at ba-e, 
10 or 1 1 mm. 

This race is a southern extension of alaslcensis, which reaches its eastern limit 
at Kodiak Island and Conks Inlet. Multispina shows its relationship by the numbers 
and arrangement of the ahaetinal spinelets (which however are weaker) and bv what 
might he called the relics of the characteristic hivalved pediccllarine. The position 
of the supermarginal plates rather low on the side of ray and the reduction of the 
aetinaU to a short series of rather inconstant development indicate a dose relation- 
ship with u la she ns is. 

Description. — Ahaetinal surface well arched so that ray appears cylindrical with 
a Hat toned, narrow, nclinul surface. Ahaetinal spinelets, without any regular 
arrangement, are very numerous, fairly slender, rather uniform in length but unequal 
in caliber, cylindrical, tapered, or slightly elavate but not normally capitate Since 
they stand on a close irregular reticulate skeleton they show a similar pattern unless 
interrupted by the absence of a spine here and there. In some specimens the spine- 
lets are shorter and of more uniform thickness. 

Superomarginals generally two, or irregularly one proximally; occasionally three, 
slightly tapered, blunt, only a little longer than adjacent ahactinaN. Supramarginal 
channel fairly broad proximally. inferomarginals conspicuously longer. e<pet ially 
the lower of the usually two spinelets; sometimes three spinelets are present forming 
a triangular group. 

The ndambuhtoral spinelets normally alternate fairly regularly one and two, 
as is so commonly the ease in this genus. The spinelets are nearly a^ long as the 
infcmmarginals but much slenderer, terete, slightly tapered, blunt, while the furrow 
spine of the diplaeanthid plates is shorter, slenderer, and usually a little more tapered 
then the outer. The posture of the spines frequently is such that there appears to 
be three series along the furrow margin. The lirM three pairs of adoral adambulaeral 
plates are in contact interradially w hile those of (he fourth pair are \ erv clo-e tog* tin r 
C.JIC.O jo tt) 
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The first six plates usually’ have but one spine. The first plate is longer than the 
succeeding plates. 

The nctinostoinc is small and sunken as is usually the ease when the adoral 
carina is narrow. The mouth plates, at the sutural margin adjacent to the first 
ndambulacral plate, are produced into a sort of flange so that the combined pair 
is here conspicuously broader than the first pair of adainbulacral plates. This char- 
acter is less pronounced in some varieties. Each mouth plate has three spines, a 
very short one close to the actinostome, and usually bent over the beginning of the 
radial nerve; a second, about 50 per cent longer, stands above it (as viewed from 
below); and a suboral, similar to the first adainbulacral spine, near the outer margin 
of the plate. 

The abactinal papular areas, except for a fairly regular series adjacent to the 
superoniarginals, are quite irregular in form and arrangement, and variable in num- 
ber and size. Probnbly three or four papulae to an area would be an average. In 
the intermnrginal areas there are three or four proximally, and in the aetinal, one 
to three. The numbers vary so with age that they afford no taxonomic ammunition. 

Crossed pedicellariae occur rather sparsely on the sheaths of the abactinal spines 
and in dried specimens at the base of the spines; in rather scanty wreaths around 
the base of the supermarginal spines, and as clusters or half wreaths on the outer 
side of the inferomarginal and adainbulacral spines. 

Straight pedicellariae: The large lateral and aetinal straight pedicellariae afford 
the easiest means of distinguishing multispina from alaslcensis. Good-sized ovate 
pedicellariae are present in the supramarginal, intermarginal, and aetinal inter- 
brachial channels; and also sometimes in the aetinal channel, and less often on a few 
of the proximal inferomarginal and aetinal spines. Smaller ones of the same sort 
are sometimes sparsely scattered on the dorsolateral plates. All arc broadly ovate 
as seen from the side, but the back of each jaw is narrower than the height, and tapers 
slightly. The breadth increases gradually in specimens from more northern localities, 
until in typical alasiensis from Unalaska and the Aleutian Islands, the jaw is broader 
than high in well developed specimens, and the whole pedicellaria is relatively larger 
and heavier than in southern examples. (PI. 4S, fig. 4.) The pedicellariae have a 
few denticulations at the jaw tip. Other smaller, broadly lanceolate, ovate, or 
subtriangular pedicellariae are present on the furrow margin, furrow spines (along 
with crossed pedicellariae), and oral spines. 

Type. — Cat. No. E 1503, U.S.N.M. 

Type locality. — Wrangell, Alaska. 

Distribution. — Southeast Alaska to northern Vancouver Island. 

S ped mens exa mi n eel. — Seven t een . 


Specimens of Leptaslerias alaskensis ?nultispi?ia examined 


Locality 

Number 
of speci- 
mens 

Collection 

Southern Alaska...... 

c 

U.S.N.M., Dr. W, H. Jones, U. S. N. 

U.S.N.M., Dr. W. H. Jones, U. S. N. 

U.S.N.M., T. H. Streets. 

U.S.N.M., Dr. W. II. Jones, U. S. N., February, 
1882. 

Wrangell, Alaska 

g 

ChasJna Bay, Prince of Wales Island, Alaska 

1 

Alert Bay, Vancouver Island, British Columbia... 

2 
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Remark* — Multispina intergrndes with ninth uxis in the region of Kodiak and 
the Shumngin Islands. It resembles forma shumayint nsis t which, in a sense, is an 
intermediate stage between ulaskmsit and multi.sj>ina , perhaps if anything a little 
nearer the latter. Multispina has more numerous abaelinul spinelcts and rather 
smaller lateral straight pedieellariae. (Compare pi. 37, ligs. 1 and 0.) 

Subgenus Xesastkiuas, new 

Diagnosis. — Differing from Leptasteria* s. s. in the form and small size of the 
crossed pedieellariae which have a very broad terminal lip; in the thick, (list ally 
broadly expanded, oireumspinal sheaths; in the reduction of the adoral carina to one 
pair of adambulacral plates in partial contact interradially ; in the incipient degenera- 
tion of the dorsal skeleton (dorsolateral skeleton a single series of ossicles usually 
not in connection with earinals). Gonads opening ventrally; actinal plates in 0 to 2 
incomplete series. 

Type. — Lcptastrrias stolacaniha Fisher. 

Remarks. — The curious small sea stars upon which this subgenus is based are 
readily recognizable by the very large obeonie sheaths which surround the spines and 
which carry on the distal convex end numerous diminutive crossed pedieellariae. 
The latter are of a form which differs from that running pretty constantly through 
the genus Leptastfrias, as exemplified by grocnlamlicn, hyperboren f arciica } mullrri , 
littoralis. The sheaths remind one of those found in Cnronaster, RnthbunnMer , 
Pycnopodia , and Lysastrosoma, and are relatively much lleshier than the sheaths of 
L. hyperborea or of L. ienrm forma compta. 

The dorsal skeleton is beginning to disintegrate, t lie connectives between the 
single dorsolateral series and the earinals, as well as between the consecutive earinals, 
having largely disappeared. The ahaetinal integument is therefore very soft and 
flexible. 

The adoral carina is as poorly developed as in some species of the Pedicellasterinae. 
Only the adcentral, or inner, two-thirds or three-fourths of the interradial margin of 
the first adambulacral plates are in contact. The species is therefore intermediate 
so far ns this character is concerned, between the Asteriinnc and lVdicellnslerinae. 
It occupies somewhat the same position in the Astoriinne as Tnrsnster and Amphrra<ter 
in the Pedicellasterinae. Its position in the Astoriinne is indicated by the skeletal 
structure and t he presence of pedieellariae on the adambulacral spines, while the 
structure of the gonads suggests an alliance with LeptnMeria*. The distinct form 
of the crossed pedieellariae, however, argues for only a distant connection with 
typical species of Leptastcrias. The group is not so close to typical Leptastfrias as 
is the eamtschaticn-polari* section. 


I.KCTASTKIHAN STOI.ACASTII A. nc» n*c*lc» 

I'laU-13; Flute IS, Figures t, 5 

Diagnosis. Hays five, K 32 mm., r 3.3 min., K 5.S r; broad i h of ray just 
beyond base, 9 mm.; rays sharply constricted at base, arched, gradually tapered 
to a blunt point; disk small, slightly convex; ray uniformly bc*ei with delicate, 
slemler, tapered spinelcts surrounded by a relatively very broad rnff of mumII rrev^ed 
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pedicellariae carried on the expanded summit of a retractile sheath which covers 
all but the tip of spinelet; spinelets and sheaths on disk smaller than those of rays; 
serial arrangement not very evident except on sides of ray; actinal plates in 0 to 2 
incomplete series; adambulacral spines two, the inner with a group of pedicellariae, 
the outer only sporadically; only one pair of postoral adambulacrals in contact; 
crossed pedicellariae very small, with an unusually broad denticulate terminal lip; 
straight pedicellariae small, ovate, or lanceolate, compressed. 

Description . — Kays abactinally well rounded, and disk sometimes slightly 
higher than base of rays. Spines very delicate, slender, tapered, terete, bluntly 
pointed, rather widely spaced, each invested by a thick, distally widely expanded, 
sheath tho convex distal surface of which bears very many crowded, small, crossed 
pedicellariae of characteristic form. These sheaths usually cover all but the tip 
of the spine, and sometimes extend beyond the tip. In alcoholic specimens the 
expanded terminal portion is subcircular or irregular in outline as viewed from the 
end of the spine, 1 to 1.5 mm. broad, and resembles a furry ruff or stole. The spines 
are all very similar, the abactinal being a little shorter than the marginal and in 
less evident longiseries. Regular serial arrangement is theoretically present owing 
to the arrangement of the plates, but some of the earinals, dorsolaterals, and snpero- 
marginals carry two spines, or even three, in the transverse series on the plate. 
As shown in Plate IS, Figure 5, this breaks up the regularity of the longiseries of 
spines. Tho space between the spines varies greatly. Sometimes the stoles nearly 
touch; sometimes they are widely spaced. In gravid specimens there is usually 
a broad naked area on either side of the carinal series (which, in such cases, is likely 
to bo fairly regular). The abactinal spines (wiiich are roughened on the distal 
portion) are 1.5 to l.S mm. long. 

The skeleton (pi. 13, fig. 1) is characterized by a partial degeneration of some of 
the abactinal connectives, by which the carinal plates arc more or less (and irregu- 
larly) isolated. There is a carinal, a dorsolateral, 2 marginal, and 0 to 2 incomplete 
series of actinal plates as shown in the drawing, where also the position of the isolated 
rather inconspicuous papulae are indicated. There is evidently started in this 
species a process similar to that which took place in the ancestors of such diverse 
genera as Lysasterias , Adelasterias, Pycnopodia } Kathbunaster . Degeneration of the 
abactinal skeleton is characteristic of very cold water forms, and particularly those 
of the antarctic. 

The inferomarginal plates carry a single spine with a complete and large ruff 
of pedicellariae. In some specimens a majority of the supermarginal plates also 
carry but one spine; proxiinally, however, there are usually two or three. The 
actinal spines are rather small and do not occur in any except the largest specimens 
(II 30 mm.). 

Adambulacral plates regulailv with two slender subequal spines about 1.5 mm. 
long. Most of the outer spines of the proximal half of ray (and sporadically those 
of distal half) bear at mid height a thick cluster or pad (sometimes a complete 
wTcath) of very small crossed pedicellariae similar to those of the other spines, 
while a few of the inner spines carry sporadically a smaller cluster. The first plat? 
is longer than those following and is in contact with its fellow' along tw'O-thirds or 
three-fourths of the interradial margin, the outer portion of this margin being gen- 
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(*rally free. This j>ni r of pin ( is inonnoanthid and constitutes all t horo is of an 
ndoml carina, the second pair bring widely separated intorradially. A young speci- 
men from Kyska with R 0 mm. has the first pair of ndnmbulacrals separated 
interradinlly. 

Mouth plates rather narrow, each with two spines, an inner slender, blunt 
aetinostomial as long as, or a little shorter than the median suture and a longer 
suboral similar to the first ndamhularrals. This spine rarely carries » group of small 
lanceolate straight pedieellarine. 

Crossed pedieellarine small (0.125 to 0.135 mm. long), with very hroad terminal 
denticulated lip. ( 1 M . 13, (igs. 5, 5u or.) They form a thick mat on the expanded 
convex terminal portions of the rircmnspinnl sheaths, upward of S to 10 occurring 
along the radius, front spine to periphery; and they form smaller clusters on the 
ndnmbulaernl spines, as detailed above. 

Straight pedieellariae small, broadly lanceolate to ovate truncate, with narrow 
jaws. The abaetinnl and lateral, seat tonal on t he integument measure 0.25 to 0.37 
mm. long (pi. 13, figs. 0, Go. C>5). Actinal pedicel la line are lanceolate with the tips 
of jaws curved, sharp, and crossed; similar smaller ones occur in groups on the 
furrow face of the adamhulaerals and at base of inner oral spine (fig. Or). 

Madroporic body small, with few coarse striae, situated near margin of 

disk. 

Color in fresli alcohol whitish, or yellowish white. 

Tube feet in four series, rather crowded; the pores are broadly lanceolate, 
not very crowded. 

Gonads very large in male; numerous lobulated divisions arise piunately from 
the axis which extends sometimes nearly to the end of ray, the longer divisions 
being on the mesial side. The gonads nro attached to the body-wall just abovo 
and hetwoen first and second inferomarginals (pi. 13, fig. 1, </), the duet passing 
downward to open on a papilla just exterior to t he fourth ndambulneral pinto. The 
two papillae stand close together at the actinal end of the axillary channel. (PI. 
13, fig. 3, g.) 

Type . — Cat. Xo. E. 1504, U.S.X.M. 

Type locality . — Station 3322, north coast of Unnlnskn, Aleutian Islands, 53° 26' 
45" X., 1G7° 23' 50" \\\, 35 fathoms, black sand, bottom temperature 42.4° F., 
three specimens. 

Distribution . — Bering Sea, in the vicinity of t lie Aleutian Islands; from Unalaska 
to Kyska, 43 to 59 fathoms (depth at Kyska not recorded). 

Specimen $ examined . — In addition to the types, 12 specimens: 

Statiou 3319, north const of Unalaska, 53° 40' 30" X., 107° 30' \\ 59 fathoms, 

black sand, bottom temperature 40.8° F., six specimens. 

Station 3321, vicinity type locality, 54 fathoms, dark mud, bottom temperature 
41.5° F., three specimen*. 

Station 4777, Petrel Bank. Bering Sen, oH Seinisopochnoi Island, 52 to 43 fathoms, 
fine gravel, one specimen. 

Kyska Island (Kyska Harbor), Aleutian Islands (177° 30' E.), \V. II. Dull 
( 1 SO— 1 015; 1SS-1014; 173), two specimens. 
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Genus STENASTERIAS Verrill 

Stenasterias Verrill, Shallow-water Starfishes, 1914, p. 145.— Type, Asterias macropora 
Verrill. — Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. 12, 1923, p. 59S. 

Diagnosis . — Rays six, slender. Differing from Leptasterias in having unusually 
large triangular ambulacral pores separated by thin plates. Skeleton very compact, 
the plates closely imbricated, in longiscries, with very small intervals; marginal 
plates wide; actinals small, a short second series present; plates closely covered with 
clusters of minute spinules; adambulacrals diplacanthid; reproduction unknown. 

llemarlcs . — I have not seen a specimen of this small sea star. Verrill’s types 
have disappeared. It is probable that his specimens were all young. The following 
account is rearranged from the original description. 

STENASTERIAS MACROPORA (Verrill) 

Asterias ( Leptasterias ) macropora Verrill, Amer. Journ. Sci., vol. 2S, 1909, p. 65, fig. 10, 
p. 64. (Rays said to be five!) 

Stenasterias macropora Verrill, Shallow-water Starfishes, 1914, p. 145, pi. 50, fig. 7; pi. 74 
fig. 4; pi. S4, figs. 5-5 i. 

Description . — Disk small; rays six, slender constricted at base, convex, with 
median row of more prominent ossicles. R 15 mm., r 3 mm., R 5 r. Ambulacral 
furrow unusually wide and open; tube feet and pores unusually large, the pores tri- 
angular, overlapping by their acute angles and separated only by thin plates. 

Abactinal plates rather closely imbricated, the spaces between being very few 
and small, with only one or two papulae; carinal plates thicker and larger, subtri- 
angular, with acute cusps and concave edges. These overlap the plates proximal to 
them. Dorsolaterals in three longiscries, proximally, then two, subquadrate and 
subtriangular in outline. (Verrill, 1014, pi. 84, fig. 5h.) Dorsal spinelets numerous, 
small, short, stumpy, usually truncate or slightly clavate, hut not much enlarged at 
tip and not much longer than thick; in small groups on the larger plates, isolated 
on the smaller ones. 

Inferomarginal plates 25 rhombic, imbricated, overlapping the outer actinals, 
bearing usually two or three small tapered spines, like the actinals; two series of 
very small actinal papular spaces. 

A single row of somewhat quadrate, overlapping, actinal plates which bear one 
or two small, rather stout, tapered spines; a series of small oblong connective ossicles 
between these and the adambulaeral plates, on the basal part of ray, each of which 
may also bear a spine. 

Adambulaeral plates strong, unusually thick radially, mostly diplacanthid; 
spinelets long, slender, tapered, acute or subacute, carry a few small compressed 
lanceolate straight pedicellariae. 

Straight pedicellariae compressed, acute, lanceolate, of rather large size but few 
in number are present in actinal interradial region, and similar smaller ones along 
the edges of the ambulacral grooves. Crossed pedicellariae “few and minute.” 

“The specimens of this species are small and poorly preserved, having lost many 
of their spines. It appears to be allied to L. aequalis more nearly than to other 

** The description Is confused. The author says that the marginal plates next to the “ peractinals” (hence the inferomarginal 
series) runs along the under side of the rays, hut “curves upward to the dorsal sidr at the disk.” This is most unusual behavior for 
Inferomarginal plates and if true is peculiar to Stenasterias. I suspect however that supero marginals were confused with infero' 
marginals at base of ray. 
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species, hut it is much more slender than that and has much larger ambulacra! pores, 
while the dorsal phi to* are closely imbricated. 

“Sitka (llarriinan expedition); Queen Charlotte Islands (f» M. Dawson)/' 
Remarks . — Unfortunately the specimens of this species have disappeared, so that 
uolhing can be added to the original description. In the (irst notice of the species 
the rays are described as five, which is probably a typographical error, as nowhere 
in the definitive account is any such variation indicated. 

Genus KVASTKUI AS Ycrrill 


Evntterias Vkkhii.l, Shallow-water Starfishes, etc., KM I, pp. 51, 151. Ty|*\ trotchelii 

Sllntpson. — Fisher, Ann. and Ma^. Nat. Hist., ser. 9, vol. 12, p. 599 


Diagnosis m — A^teriiiu le differing from in having numerous uctinal plates 

(eacli bearing one or two spines) arranged in from three to six longiseries which 
alternate with longiseries of large actinal papulae; inferomarginal plates lateral 
rather than actinal in position. Abactinal skeleton irregularly reticulate, usually 
robust, but composed of small irregular plates (the primaries three or four lobed, the 
secondaries variously irregularly elliptical or elongate); spines short, stout and slender 
mixed, or slender only, or robust only, terete, tapered, conical, nr suhglobose; adam- 
bulaeral plates small, diplaennthid, or irregularly diplaeanthid and triplaeanthid, 
the spines carrying prominent clusters of crossed and straight pedicellariae; adoral 
carina composed of three to live pairs of ndambulacrals; gonads open dorsnlly, on 
the disk, close to the interradial lines. 

Remark*. — This genus, so far as known, is confined to the intertidal zone and 
shallow water of the north Pacific from t lie Okhotsk Sea to eenlral California. It 
is most abundant from southern Alaska to Puget Sound, where in great inlets it vies 
for dominance with Pisaster ochracnts. 

In fact it bears considerable superficial resemblance to Piaster, especially to 
the numerous varieties of P. ochracnts. I have seen short -raved examples of Eras- 
trria* troschelii forma ahrolata which might easily be mistaken for slender-raved 
Pisaster ochracnts forma ochract us. The resemblance concerns the dorsal spin ulat ion 
and the multiple longiseries of actinal plates. Pisasler , however, almost always has 
rays which are broader at the base and evenly tapered; monacantliid adambulacral 
plates; no pedicellariae on the adambulacral spines; much more sunken aetinostome; 
very characteristic furcate straight pedicellariae. 

The modifications and distribution of the abactinal spines exhibit curious 
analogies in the two genera. Corresponding forms are indicated in the following list. 


/Yiaalcr gignnlen n. 

/\ nehraceu.n f. orhraeeu* 
P. orhraeeu * f. ennfrrtu *. 
/*. orhraeeu i f. no<{\feru*. 


Eva*lertas rrhi nosoma. 

Ev. tro*rhelu f. alveolata. 

Ev. tro*ehrlxi f. acanlhoit >ma. 
Ev. tronrhelxi f. trosehelu. 


EVASTKRIAS TttOSCU KI.fI iSiimp^on) 

? As'erian epiehlora Brandt, Prodronnis, l*v15, p. 270. 

epiehlora Stimpsos* (part), Bo*!. Journ. Nat. Hist , vol. 0, l '>57, p. 52S 
Asteria* trnsehelii Stimphon, Proc. Mo* ton Soc. Nat. HUt., vol. S, 1Kf52, p. 207 — Perrier, 
RAnion il »*5 StelWridon, 1^75, p. 71. — Bnix, Proc. Zool. Soc. Loudon, ISSI, pp. -195. 
505 — Wiutea\ r.s, Tran* Hoy. Soc. Canada, vol. -1, ISS7, p. MO. 
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Astcrias brachial a Perkier, not Linnaeus, Iicvisiou des Stell6iicles, 18/ o, p. 05, Gulf of 
Georgia. 

Astcrias ( Diplaslcrias ) cpichlora de Lohiol, M6in. Soe. Phvs. et dTIist. Nat. Geneve, vol. 
32, 1897, p. 19, pi. 3, figs. 2, 2d. 

Astcrias saauichcnsis de Loriol, lV16in. Soe. Phys. et d Hist. Nat. Geneve, vol. 321, p. 89/, 
p. 23, pi. 2, figs. 3, 3a~3d, 4, 5. Saanich Inlet, Vancouver Island. 

Astcrias victariana Verrill, Amer. Journ. Sei., vol. 28, 1909, p. 08; Victoria, British Colum- 
bia. Shallow-water Starfishes, 1914, p. 124, pi. 53, fig. 1; pi. 54, figs. 1, 2; pi. 69, fig. 4; 
pi. 82, figs. 1-le. 

A. troschclii (St.) var. rudis Verrill, Amer. Nat., vol. 43, 1909, p. 542; Victoria, British 
Columbia. 

Astcrias acauthastoma Vehrill, Amer. Nat., vol. 43, 1909, p. 543; no locality. 

Lcptastcrias macouni Verrill, Shallow-water Starfishes, 1914, p. 124; Departure Bay, 
British Columbia. 

Lcptastcrias (?) incqualis Verrill, Shallow-water Starfishes, 1914, p. 117, pi. 73, fig. 2; text, 
figs. 4, 5 (probably very young specimen, Orca, Prince William Sound). 

Lcptastcrias cpichlora yniliaris var. subnodulosa \ errill, Shallow-water Starfishes, 1914, 
p. 139; Wrangell, Alaska. 

Erasterias troschclii Verrill, Shallow-water Starfishes, 1914, p. 151, pi. 22, figs. 1, 2; pi. 
25. figs. 1, 2 (type); pi. 26, figs. 1, 2; pi. 62, fig. 1; pi. 106, figs. 1, 2. 

Erasterias troschclii var. rudis Verrill, Shallow-water Starfishes, 1914, p. 15S. 

Erasterias traschelii var. dcrisa Verrill, Shallow-water Starfishes, 1914, p. 161; Victoria, 
British Columbia. 

Erasterias troschclii var. alvcolaia Verrill, Shallow- water Starfishes, 1914, p. 162, pi. 62, 
fig. 1 ; Departure Bay, British Columbia. 

Erasterias troschclii var. subnodosa Verrill, Shallow-water-Starfishes, 1914, p. 103; Wran- 
gell, Alaska. 

Erasterias traschelii var. parvispina Verrill, Shallow-water Starfishes, 1914, p. 163, pi. 106, 
figs. 1,2; Sitka, Alaska. 

Erasterias acanthostovia Verrill, Shallow-water Starfishes, 1914, p. 165, pi. 20, figs. 1, 2; 
pi. 24, fig. 3 (type); Popof Island, Alaska. 

Diagnosis. — Rays five, rarely six; actinal plates in three, sometimes four series 
at base of ray; superomarginal plates lateral in position, defining ambitus; adam- 
bulacral armature diplacanthid, or diplacanthid and monacanthid. Abactinal spines 
exceedingly variable: (I) Large and much smaller ones intermingled without the 
formation of a rcticulato pattern (forma troschelii , pi. 60, fig. 1); (2) large and much 
smaller spines, grading imperceptibly into uniformly coarse spines, but arranged in 
reticulate pattern (forma alveolata , pi. 62); (3) spines uniformly very small and 
arranged usually in a reticulate pattern (forma acanthostoma } pi. 64, figs. 2, 3; pi. 65). 
Rays generally long and fairly slender, but very variable. Straight pedicellariae, 
small lanceolate, without terminal teeth. 

Erasterias troseliclii is one of the most variable among many variable species of 
the northwest coast. Its forms very closely parallel those of Pisaster oehraceus and 
many specimens when preserved resemble slender rayed examples of that species. 
Forma acantliostoma parallels forma confertus of Pisaster oehraceus; forma alveolata 
resembles forma oehraceus : while forma troschelii and its accrvate intergrades with 
alveolata correspond to forma nodijerus (of P. oehraceus). 

It is not possible to identify with certainty Brandt’s Asterias epichlora } from 
Sitka, although in all probability the green phase of forma alveolata was referred to. 
Brandt’s description is as follows: Diameter of the moderate sized subdepressed 
disk scarcely exceeding a thumb-breadth. Rays five, conical, unequal, subdepressed, 
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about time thumb-brcadt hs in length (i e., K t\ v . Dorsal surface dull ^nrn, 
covered with crowded white spine**, of w hieli the summit in capitate, arrang'd in a 
reticulate pattern. Lower surface pale Hush color. 

Professor Vcrrill applied < pichlora to llto commoner fi-raved Lf pUist* rim of tin* 
intertidal zone of the southern Alaskan coast (two spcri«*>). 1 ha\e seen hut on** 
o-raved example of tlie-c species unions several hundred examined: and if we adopt 
an inch as a thumb breadth, the size given by Brandt doe* not conform to the size 
or proportions of tin* L* ptasti rias. The proportions, inequality of rays, their slightly 
depressed form, and eolor of Brandt's species agree fairly well with small examples 
of Ij'iistfrias' which 1 collected at Departure Bay, British Columbia However, in 
order t * * avoid a "Teat deal of confusion which would follow a shift of tin* name to 
/im.s’h r«V/.s\ iptchhmi had best be consigned to the limbo of disused names. It i> 
certainly misapplied in connection with any (Grayed LrptusUrUi. s\ 

The variations are so numerous and confusing in troschrlli that no 

attempt will he made to describe the species. Rather the chief funnac will he 
analyzed as well as the material permits. 

form* TltOSCHKIJI vSllmjw>n) 

Plate i. s, Figures 1, In, 1, i», Oa; Plate 59, Figures 3, 3a; Plate 00; Plate ol, Figure 1; Plate i*4 

Figure 1 

troxchrtn Stimcsos, 1MV2, p. 2G7. 

Atttria* net annua Vmum.L, 1 909, p. OS; 191 \ , p. 102. 

Lcf'tastt nns tmiroutu Vnotll.l , 191-1, p. 124. 

Kraut* nan troxchrlu \ar. rut is V ruitiu,, 191-1. |>. 15 s. 

Kvaitirian tri xct rlu var. subnoiloxa Ykukill, 191-1, p. 103. 

This is the forma to which the type of t ho species belongs. Plate f>0, Figure 1, 
is an extreme having widely spaced and rather slender major spines, and unusually 
few minor spinelet*. Figure 2 is a stouter-raved specimen having robust suhtruncatc 
tubereulur major spines. Tlie minor spines are in lines here mid there outlining 
poorly defined areas Plate (M, Figure 1, is a slemlcrer-rnyed specimen in which 
the minor spines have increased in number and it is intermediate with forma alrrohita 
having both coarse and slender spines, a v s Plate (V2. When full grown, fal-rayed 
specimens of tro^chrli} have the spines rather widely spaced, a> in Plato til, Figure 1 
This is VerrilPs variety rudis simply a growth stage. 

The type forma is extremely variable and it is practically impossible to find two 
specimens alike. There are slender and stout rayed examples The major spines 
are well spaced, or they may he clustered in twos and three**, or may form Mib- 
nodular prominences. The major spines are relatively slender or are very thick, 
truncate, and many times the diameter of the minor spintilc*. The latter are few 
and irregularly scattered between the major spines; or they may suggest a very 
poorly defined reticulum. 

The salient feature of this forma is the wide disparity in size between the major 
and minor dorsal spines which do not form a me^hwork design. Slimp**oii say*: 

The liirg<* ones are feu in iiiiuiUt, nlmrlcr l»ut much thicker limn th»* \rt t r aU. c-ipit.tti " * 
fhiUrrxM Ik>a(N. mat are urriingivl in a prrllv regular though somewhat zigzag m« hAn r \i * *f it t 
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25 spines, crowded near the disk, but further apart near the extremity of the ray. Between this 
row and the marginal row there are scattered a few more of the larger kind, sometimes in clusters 
or short rows of three or four. On the disk they form a more or less distinct pentagon, within 
which there is another circle and a spine of large size in the center. The spines of the smaller 
kind, minute, slender, and truncated, are scattered between the large ones. (Stimpson; see pi. 
CO, fig. 4, type.) 

The large spines are striated at the summit, and in large specimens the smaller 
sort are also pretty definitely grooved. The smaller spines sometimes form trans- 
verse rows, but they do not define the papular areas, or complete the reticulation as 
in aheolata , and intermediates. Four small specimens from near Tacoma have the 
larger spines abnormally magnified and the smaller all but absent, while one from 
Orea, Prince William Sound, Alaska, with R 65 mm., has the larger spines distinctly 
acervate. 

The superomarginal spines are slenderer than the larger abactinal, usually 
tapered and blunt, and form a very regular series which curves up at the interradius 
to the level of the madreporite. While the spines are generally single, sometimes a 
small spinelet accompanies the larger. In giant specimens the principal spine is 
often subcapitate, truncate, and striate. 

The in fero marginal spines (usually two to a plate proximally) are a little longer 
and slenderer, pointed, blunt, or subtruncate, varying individually. In giant speci- 
mens there are usually two spines to a plate. The intermarginal channel is definite 
and well defined. 

Actinal plates in four series in very large specimens; in three series, in medium- 
sized; and in two series in small specimens (R 20 mm.). In giant specimens they 
generally carry two spines in an oblique row, except for the plates of the short inner 
series which are monaeanthid. In medium-sized examples there is usually one spine 
to a plate; or three rows of actinal spines at the base of ray, then two, and finally one 
on the outer half or third of the ray. But in giant specimens, where the plates are 
diplacanthid there may he seven rows of actinal spines at the very base of the ray, 
although the duplicate series of each range of plates is evident enough by rather 
wide channels between the longitudinal rows of plates. The submarginal channel 
is nearly as broad as the intermarginal channel. The spines are similar to the infero- 
marginals and are variously cylindrical, tapered, or swollen, with blunt-terete or 
blunt-compressed, or obliquely dressed extremities; or the whole spine is a trifle 
curved upward. In very large examples the spines are shallowly grooved at the 
tips. The spines are slenderer and longer than the larger abactinal spines, but in 
medium-sized examples may be subequal in caliber. 

The adambulacral armature is alternately one and two spines to a plate, with 
one on the first five or six (adoral) plates, and two on a variable number (usually 
relatively few) of succeeding proximal plates. The spines are slender, tapered, blunt, 
the furrow spine, as is usually the case, being the slenderer. Near the mouth the 
spines become longer and slenderer forming a dense ehevaux-de-frise over the acti- 
nostome. In a giant example, R 270 mm., the adoral adambulacral spines are S mm. 
long (or subtend the arc of the first eight adambulacral plates). At one-fourth R, 
measured from the mouth, the spines are 5 or 5.5 mm. long. Medium-sized speci- 
mens have two, giant specimens three (or four) adoral pairs of plates in contact 
interradiallv. 
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Mouth plates relatively small, with two unequal, apical and one longer, slender, 
tapered subornl spine. As the animal grows larger, the aetinostome becomes more 
sunken and the month plates relatively ineonspiruous. The tube feet are crowded 
about the mouth, and the entrance to the furrow* is only about as wide as the breadth 
of the combined mouth plates. It widens rapidly, reaching the maximum width 
at the sixth or seventh ndnmbulnerul pin t e. 

The papular areas vary enormously wiih si/.e of specimen. In pant examples 
the whole abaotinal surface as well as the lateral and actinal channels are a mass of 
small papulae closely packed in larger areas (with narrow skeletal trabeculae sepa- 
rating them). In medium-sized examples the papulae are also numerous, but the 
areas are relatively smaller, though closely placed. 

Straight pedicellariae (pi. 58, fig. *4) inconspicuous, compressed, broadly lanceo- 
late, largest in lateral and actinal channels; absent or few on dorsal surface. They 
occur on the oral and adamhulaeral spines, and not very numerously on the furrow 
face of the adamhulaeral plates; length 0.5 to 0.S mm. 

Crossed pedicellariae (pi. 5S, ligs. I, la) very numerous around the spines, among 
the papulae, and on the surface of the plates between the areas, w here they have well- 
developed peduncles. Spine wreaths on big specimens very thick. They are com- 
plete on the abaetinal and both series of marginal spines; on actinal and adambu- 
laeral spines the pedicellariae are in clusters. Abaetinal pedicellariae 0.27 to 0.2S 
mm. long. Larger actinal and adambubicrnl pedicellariae, 0.31 to 0.30 nun. long. 

Color in life, variable. A small specimen from Depart urc Hay, British Columbia, 
gray green. A medium-sized specimen, general tint plumbeous, the papular areas 
reddish brown; actinal surface llosh color. 

Madrepnrir body prominent, slightly convex, with fine, intricate striae situated 
about mid r. 

Young . — Very small specimens resemble eoarse-spined LeptaMeria*. The small- 
est example (Oreas, San Juan Islands, Wash.) has K only 0 mm., hui there is already 
a series of actinal plates and spines. The young are rather easily recognized as 
they have the peculiarities of the adult, even greater discrepancy in size between 
the two sorts of spines. The larger spines are capitate, striate, subtriincate, and 
form a very definite rarinal series, with a few scattered dorsolaterals. There is a 
regular series of superomarginals, of inferomarginaL, and of aetinals, the latter not 
extending the entire length of the ray. 

Type and type locality . — That of species. 

Remark *. — Although only the distal part of a ray of Stimpsoifs type remains 
(X o. 1300, U.S.N.M., pi. 00 fig. 4), it is unmistakable. It closely resembles Plate 00, 
Figuic l, which may be considered, therefore, as representing typical troschelii. 
VerrilPs interpretation of troschelii, as represented by his Plate 20, is consequently 
not correct. 

VerrilPs A*teria* rirtoriana (101 1, p. 102, pi 53, fig l) is a somewhat distorted 
specimen of forma tro*rhelii , having few minor spines. It resembles Plate 00, 
Figure 2 (San Juan Islands, Wash.) but has slightly slenderer primary dorsal spines. 
No. 003, Stanford collection, Insect Island, Hrilish Columbia, is nearly identical 
with the type of rirtoriana . 
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VcmU’s variety rudis, the type of which I have seen, is a giant form of troschelii 
resembling Plate 01, Figure 1. His variety subnodosa (type from Wrangell, Alaska) 
is a variant of forma troschelii, with large primary spines somewhat aecrvate in 
places. It is one of the narrow rayed varieties between forma troschelii and the 
variety of alveolata in whieh the alveolations arc breaking up and primary spines arc 
differentiating as in Plate 02, Figure 1. I have examined the types of these two 
varieties in the Yale Museum. 

I have examined the type of Leptnsterias macouni Vcrrill which was taken at 
Departure Bay, British Columbia, and is now in the Ottawa Museum. It is, I 
think, a G-rnycd, young, Evasterias troschelii probably forma troschelii. The radii are 
41 mm. and 5 mm. The outstanding feature of this specimen is the presence of 
four series of actinal plates (unheard of in a small Lcptasterias) and the behavior of 
the superomarginals, the series of which curves up strongly at the interbrachium. 
The intermarginal channel is narrow and does not widen at the base. The first 
series of actinals extends nearly to the tip of ray (within a few inferomarginals of 
the tip); second row about three-fourths the length; third row, which is quite com- 
pressed about half the length; there are four or five compressed plates of a fourth 
row at base of ray (one or two of them have a tiny spinclet). Superomarginals 
mostly with one spine, occasionally with a shorter fellow; proximal inferomarginals 
with two, distal with one; first series of actinals proximally with one or two, distally 
with one; other actinals with one spine. Adambulaeral spines, slenderer than the 
actinals, alternate two and one; on the diplacauthid plates the inner spine is advanced 
somewhat into the furrow. The primary abactinal spines are mostly short, thick, 
and stumpy, somewhat variable in size, while the relatively few minor spines arc 
shorter and much slenderer. Most of the carinal plates have one or two stubby 
major spines and about two minors while the dorsolaterals have usually one major 
and about two, quite slender, minors. 

Six-rayed examples of Evasterias troschelii arc rare. I have one with R 72 mm. 
from Departure Bay, British Columbia. It is close to the particular variation 
shown by Plate GO, Figure 1, but the rays arc relatively short (R = 4.5 r). 

The largest specimen which I have examined (station 4222) has R 355 mm., 
r 40 mm., br. 5S mm. 

Forma ALVEOLATA Verrill, emended 

Plate 5S, Figures 2, 2a-2c, 5, 7, 7a, 7b; Plate 59, Figures 1, la; Plate 61, Figures 2, 3; Plates 62, 63; 

Plate 66, Figure 1 

? Asterias epiehlora Brandt, 1S35. 

Astcrias epichlora Stimpson, 1857, p. 528. — De Loriol, 1S97, p. 19. 

wisterias brnchiata Perrier, 1S75, p. 65. 

Evasterias troschelii “typical form” Verrill, 1914, p. 153, pi. 26, figs. 1 and 2. 

Evasterias troschelii var. alveolata Verrill, 1914, p. 1G2, pi. 62, fig. 1. 

Evasterias troschelii var. parvispina Verrill, 1914, p. 163, pi. 106, figs. 1, 2. 

Forma alveolata is far from being homogeneous. It is a convenient pigeon hole 
for a large number of small varieties which differ from typical troschelii in having 
the abactinal spines, which arc coarser than in acanthostoma } arranged in a reticulate 
pattern. The spines are typically more numerous than in troschelii; and when the 
spines are unequal in size, the smaller are much more numerous than in troschelii . 
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Si 7.0 medium to large, Imt I have soon no giantv I,nrg»-t specimen R 205 min , 
r 27 mm. hr. 34 mm 

It is not possible to describe this forma with any dcgn c of precision. The 
principal variants will he indicated hy means of figures. 

(I) In it- most generalized phase this forma nitre he described as a corftM'-spincd 
( icanthostoma , the spines being sliort , subcrpial, and defining a reticulum. (PI. G3, 
lig. 1.) This variation intergrndcs with acauthnytoma; there are sh nder and thick- 
rayed specimen- and considerable range in the number and caliber of the spinelets. 
Clnyocpiat Sound. Departure Hav, (iahriola Inlet, British ( \dumbia; Straits of Fura, 
San flunn Island-. Wash.; Monterey Bay, (’nlif. 

(II) The spines increase greatly in number and become fairly packed on the 
earinal and dorsolateral plates, the papular areas becoming smaller. tRl. G3 f figs. 
2, 3.) These multispined forms intergrnde with I; and a similar variation in acau- 
thostoma diner's only in having smaller -pines and usually more numerous super- 
marginal spines. Fort Rupert and Departure Bay. British Columbia; Tongnss, 
Alaska; Monterey Bay. Calif. 

(III) Disparity in the size of the spines gradually increases from a -light dilFcrcnce 
as in plate G2, figure 4. through a series: Plate ill, figure 2; plate G2, figure 2, 3; plate 
Gl, figure 3 and plate GO, figure 3, which have the spines ns unequal as forma troschflii. 
Plate GO, figure 3. may he classed as an aberrant troichflii, or as an intergrnde. 
Unalaska to Puget Sound. 

(I V) Aeervation of the major dorsal spines is developed in various degrees — 
slight to very prominent (pi. G2, figs. I, 3; pi 03, fig. 3). Departure Bay and Bayne 
Sound, Briti.-h Columbia; Puget Sound. 

Knch of the above varies as to length and breadth of ray; that is, each variety 
lias longer and .-horter as well as slenderer and thicker rayed representatives. I 
intergrades with 11, 111, and 1 V ; 11 and IV intergrade; 111 and IV intergrnde. 

In forma ulceolntn the abnctinnl spines are individually \ cry similar to those of 
forma (roschelii. They vary from cylindrical truncate, through davate forms, to 
capitate, a little higher than broad to broader than high: and from capitate to a 
curious Haring obconic form with a convex summit broader thnn the height. (Puget 
Sound, Departure Bay, pi. G2, lig. 2.) The >ummit of the spines i- finely striate. 
The smaller spine-, also striate, are cylindrical to clavnte, obtuse to truncate, with 
a certain number slightly tapered and bluntly pointed. When tin re is disparity 
in the size of the dorsal spines the smaller are usually more numerous, stand in straight 
or zigzag single file on the trabeculae and outline the -keletal intervals. 'Pile heavier 
spines form a pretty definite earinal series either singly or in group-, and dorsola tor- 
ally occupy (singly or in groups of three to five) the principal nodal points of the 
skeleton. From the formation of groups (pi G2, fig 1) it is only a step to an aoorvnto 
condition (IV, above). 

Specimens from Fnala-ka have characteri-tieally few major -pirn - but numerous 
much smaller minor spines. (PI. Gl, fig 2; pi G2, lig. 3.) The-e re-eml»le forma 
acanihostotna with a few heavy spines sprinkled over the surface, hut the snpero- 
marginals are mostly monaeanthid. They differ from tro<chrIii in their more numerous 
secondary spines which have a reticulate arrangement. 
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The superomarginal spines are similar to those of forma troschdii , but often 
not so regular. They partake of the character of the abactinal spines, varying in 
robustness, but falling behind the abactinal spines in thickness. They vary from 
cylindrical to capitate, truncate, the tip being striated, and sometimes asymmetrical 
and oblique. Spines are usually single, but often accompanied by one or two, much 
smaller, slender, slightly tapered. Very much less commonly there are two or three 
subequal spines, but the specimens arc not typical in other ways. 

The inferomarginal spines are slenderer and longer than the superomarginals, 
more or less clavate and bent, one or less often two to a plate. Proximally there are 
three series of actinal plates, with three series of spines. In some specimens many 
of the actinals are diplacanthid, so that the armature is crowded. I have not been 
able to find any distinctive difference in the inferomarginal or actinal spines, since 
the individual and age variations are very confusing. The third or inner actinal row 
of plates is short as a rule. 

Adambulacral spines very similar to those of troschdii , generally alternating 
one and two to a plate, with two on a few plates following the adoral carina. They 
are typically slender, subterete, blunt (or slight]}" tapered in the case of the alternate 
furrow spine), in some heavy -spined examples they are narrowly spatulate, with 
a shallow groove at end. Adoral carina composed of three to six contiguous pairs 
of adambulacral plates in specimens with K 120 to 150 mm.; in specimens having 
K GO to 70 mm. there are usually three pairs in contact. The broader rayed examples 
appear to have the fewer number in contact. 

Actinostomc very small, mouth plates closely similar to those of troschdii, having 
two unequal apical spines and a longer, slender suboral. 

Papulae very abundant, completely filling the spaces between spines and masking 
the small ones in alcoholic specimens. 

Crossed pedicellnriae (pi. 5$, figs. 2, 2a-2c) vary somewhat in minor details 
and increase slightly in size in specimens from Unalaska. Monterey specimen; 
length, 0.225 to 0.24 mm.; Puget Sound, 0.23 to 0.24 mm.; Unalaska, 0.31 to 0.34 
mm. — all abactinal. The actinal and adambulacral are somewhat larger. 

Straight pedieellariae (pi. 58, fig. 5) of small size and lanceolate in form, similar 
to those of typical troschdii , arc fairly abundant in most specimens in the inter- 
marginal, in ter brachial, and actinal channels, along the furrow face of the adam- 
bulacral plates, and on the adambulacral spines; absent or very scarce on abactinal 
surface. 

Color in life very variable. Notes made at Departure Bay, British Columbia. 
Ked phase: (a) Clear flame scarlet, the spines and a very narrow surrounding zone, 
pale cream color. ( b ) Vermilion, spines Saturn red to orange; or orange vermilion 
above, larger spines and collars of pedieellariae, white, (c) Chinese orange, spines 
yellowish white, (d) Brick red (Indian red), spines whitish, (c) Dragon’s blood 
red. 

Brownish phase: (a) Tellowish dark russet, spines paler. ( b ) Russet to burnt 
umber; disk mottled with wood brown; spines whitish; skin flecked with pale Nile 
blue, (c) Papulae deep ferruginous; spines whitish with basal zone of bluish gray. 
(d) Mottled rich brown and gray; spines pale blue gray. These are pretty generally 
pale clay color or faded yellow below. 
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(invn pliast* ; (u) Arms banded dark sage green and l»riplil oli\c; spines errant 
color. (/») Arms olive green, groups of spine* rrenm rolnr. \ * How i-h about their 
bases, (r) Dark sap* green without btimU, spines whitish tabu joiing with -pines 
pale sage preen). (</) Major spines acrr\nt<*— mottled oli\e gn mi and ereain rolor 
(specimen similar to pi. tiS, lip 3). << C'renm color, papular areas apple-leaf irreen 

(specimen like pi. b!?, lip. -). 

A specimen of the preen phase mat have been the type of Brandt's *l>/fri<i«r 
rpichloni. 

Anatomical notts. Abactinal plates: There is considerable individual and ape 
variation. The abaetinnl retienlnm is, of course, always irrepular. The rarinal 
plates are four lobed and overlap over a third of their length, fonninp a zigzag or 
irrepular series. In almjUita there is one larpe spine and one to four small ones 
on each carinal, but in t roach* Ui the larpe spine is often without an accessory. Dor- 
solateral plates of rather unequal size, irrepular in shape, sometimes subtrianpulnr 
and connected by secondary ossicles also irrepular as to size and shape. Marpimd 
and aetinnl plates closely imbricated, dccrensinp in size from the siiperoinarpinal 
to the inner actinals. The plates are arcuatclv lozenpe shaped to four lobed, the 
dorsal lobe tin* lonpest. In the case of the actinals and infcroinarginals it stn nplv 
undcrlaps the dcscendinp lobe of the plate, just above. There are basically three 
series of actinals, with a short fourth scries in very larpe examples, in contrast to 
the six (or seven) of E. fchinosoimt. 

The actinostomial rinp (pi. oO, lip. 1) is small, the aetinostome beinp about as 
broad as the lenpth of the first 10 amhulaeral ossicles (or the first pair plus nine). 
The median suture between the two halves of tin* first enlarped pair is serrate and 
the lenpth of the dorsal crest is that of the next six plates — a very common propor- 
tion in the Asteriidnc. The odontophore has a characteristic form reminding one 
of the valve of a small chiton shell. The interbraehial septum is small owinp to 
the small size of the disk. There is a pillar of plates extendinp upward from the 
odontophore. and between t his and where the true arm plates end at the inter- 
brachial anplc there is an uncaleilied membranous septum in medium-sized speci- 
mens. In the plant examples the whole septum appears to be filled with plates, 
and in these specimens the rather trianpluar entrance from the disk coelom to that 
of the arm i> surprisingly small and filled by n much folded lobe of the \entral 
stomach. 

The pounds open dorsally, close to tin* interradinl line, about one-third r from 
the margin; and in general form arc elongate fusiform with numerous fusiform 
lobes on the mesial side, these being subdivided into short globular lobule- The 
intestinal coecuin is tripartite; tin* stomach is rather crowded in the small disk, 
and the hepatic coeca are large and extend nearly to the end of the long rays No 
Polian Vesicles. 

Type locality of forma alrrolata. — Departure Bay, British (\duiubia. 

Hr marks. — This forma corresponds to Dr. William Stinip*nn‘> .b/rri<i.< <■/> ch!ora t 
as several specimens labeled by him are in the collection of the l nited States National 
Museum, lie considered Axtcrias troschflU to be a distinct species 

1 think Doctor Stimpson's identification of Brandt's tpichlora is correct, green 
specimens are not uncommon. It would lead to endless confusion to adopt r/»i- 
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chlora , however, since Professor Veri-ill lias used the name for the common G-raycd 
Le piaster ias of the Alaskan coast, in spite of the fact that Brandt wiites that his 
epiclilora had five rnys. 

The name alveolata was given by Verrill to a specimen taken at Departure 
Bay, British Columbia, and now in the Ottawa Museum. It is one of the swollcn- 
rayed variants, such as Plate 62, Figure 2, but with the spines as in Plate 63, Figure 1. 
The papular areas are sunken, accentuating the skeletal mesh, since the specimen 
was dried before being properly preserved. 

The specimen figured by Verrill (1914, pi. 26, figs. 1 and 2) as typical troschelii 
belongs to forma alveolate. It is very similar to Plate 62, Figure 4, and has not 
the peculiarities of the type of troschelii. Verniks Plate 22 represents a very imma- 
ture specimen from Juneau, Alaska. It is a young alveolata with considerable dis- 
parity in size between major and minor abactinal spines. The areolations arc not 
so distinct as in the foregoing specimen. This is characteristic, however, of many 
young specimens, which pass through a stage in which they resemble forma troschelii. 
The young of Pisaster ochraceus usually have aecrvate dorsal spines. Much fewer 
adults arc so characterized, so that the young are in many cases transiently forma 
nodijerus. 

The type of Verniks variety parvispina is a very immature alveolata which was 
taken at Sitka. Its peculiarities are partly due to immaturity. Among examples 
of troschelii and of alveolata having two sizes of dorsal spines, certain ones not infre- 
quently have unusually slender minor spines, while the major spiues are somewhat 
less often quite slender. 

Forma alveolata is therefore much more inclusive than VerrilPs variety alveolata. 
This name has been adopted since Asterias brachiata Perrier, 1S75, is invalidated 
by A. brachiata Linnaeus. 

Most of the specimens which I collected or examined at Departure Bay, num- 
bering several hundred, were accompanied by a commensal polynoid annelid, Halo - 
sydna fragilis , which lives among the tube feet, usually at base of ray, or in the 
actinostomc. 

Forma ACANTHOSTOMA (Verrill) 

Plate 5S, Figures 3, 3a, 36; 8, Sa-8c; Plate 59, Figure 36; Plate 64, Figures 2, 3; Plate 65; Plate 66, 

Figure 2 

Asterias acanthosloma Verrill, 1900, p. 543, footnote. 

Evaslerias acanthosloma Verrill, 1914, p. 165, pi. 20, figs. 1 and 2; pi. 21, fig. 3. 

Plate 64, Figure 3, shows a typical specimen from Unalaska and Plate 66, 
Figure 2, the actinal surface of the same; Plate 64, Figure 2, is one of the most 
typical of the Tongass, Alaska, specimens. Plate 65, Figure 1, is a large slender- 
rayed variant from Orcas Island, San Juan Islands, Wash., and Figure 2 a thick- 
rayed specimen from Victoria. Plate 65, Figure 3, is an enlargement of a ray of 
the Unalaska specimen. Plate 63, Figure 2, is a problematical variant from Tongass, 
Alaska. Although taken with acanthostoma f it and other specimens may perhaps be 
more appropriately classed as very slender spined alveolata. 

Forma acanthostoma intcrgradcs with alveolata. It is not possible to place 
certain specimens definitely in either forma since they stand midway between. 
T 3 f pical specimens difler from forma alveolata in having uniformly small abactinal 
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spinelet s which stand in single file on the irregular reticulum of tin* ^k« leton ami 
divide the ahactinal area into areolae, or are more grouped and scattered, so that 
the reticulation is not so evident; supermarginal spines in comb- or groups of three 
to five; ndornl adainhulaerul spines slightly longer. In mature specimens K * 5 to 
7.G r and 4 to G.f* hr. Largest specimen, K 310 to 330 nun., r 40 nun., Iv about 7 r. 

The ahactinal spines are all small and of nearly uniform size, except near l ho 
tip of the ray, where in some but not all specimens they are unequal, tin* larger 
doubtless being homologous with the major ahactinal spines of alrrolatu. The 
spinelets are numerous, nearly equal, either tapered or clnviite, with rough sulented 
tips, and they either stand in single file on the skeletal meshes, \erv definitely sub- 
dividing the dorsal area into rather irregular, numerous areas (the papular areas , 
or, less often, they do not form any very evident reticulations. In the type speci- 
men: “Most of those on the basal part of the rays stand in short transverse or oldique 
rows or combs, varying from 2 or 3 to 10 or more, hut many stand singly or in small 
clusters. On the distal third of the rays they become much more crowded and 
stand in «mnll groups or singly; on the disk they form irregular short rows or imper- 
fect reticulations.” (Verrill.) Several specimens from Unnlaskn and Victoria exhibit 
this imperfect reticulation but it is only tin individual variation. (PI. G5, figs, 1, 2.) 
More often the spinelets are arranged in a definite reticulate pattern, in which oa-c 
the spinelets are more numerous. (PI. G4, ligs, 2, 3.) On the proximal half of ray 
these reticulations are more or less lengthened transversely, so that the spinelets 
appear to form transverse combs of variable length, because the transverse trabeculae 
are much longer than the connecting longitudinal ones. The earinal series may not 
he distinct or it may be well marked, as in most of the Tongas-* examples, in which 
the spinelets stand in several ranks along the radial line. 

The supcroinnrginal spines an* similar to the dorsals but a little longer and 
stouter. There are generally three, four, or even five to a plate, in an arcuate vertical 
comb; or a comb of three, with an extra spine on its ndornl side. Di-tally the combs 
are reduced to two spines, and near the tip there is usually only one spine. The 
spines are sometimes suhcqunl; or the fourth and fifth spines, when present, may be 
smaller; or the median spine of the series may he somewhat enlarged over the others. 
1 ntermarginnl channel broad in large specimen-; in medium sized ones narrow tr 
than the supermarginal. combs. 

1 nferomarginal and aetinal spines similar in form to tho-e of alvtohUo, ratio r 
crowded, and increasing in size from the inferomarginals (which are a little longer 
than the superomarginals) toward the furrow'. 1 nferomarginal opines are usually 
two to a plate (sometimes three, and at base of ray one). 1 he spines are « Innate, 
or tapered, obtuse, or bluntly pointed, finely striated at tin* end-. There an* usually 
three rows of aetinal plates at the base of the ray; rather exceptionally four l Verrill 
mentions five, but 1 have inner found so many in my specimens). Plates of the 
outer row bear two or three spines in an oblique seric-; the others generally two; 
whence i he crowded condition of tin* aclinal armature. Tin* -Junes vary greatly 
in caliber from a slightly swollen form with a tapered blunt terminal half, to broadly 
clnvnte, suhtruncate. In the very large specimens the intcractmal channels arc wed 
marked but tend in other* to la* obliterated by a crowded armat ire 
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The adambulacral spines stand alternately one and two to a plate, with a 
variable number of diplaeanthid plates following the adoral earina. The spines are 
similar in form to those of alveolata, but a little longer toward the actinostome. This 
character is not of much practical use, owing to variability and the difficulty of 
finding a method of comparison. In acanthostoma the longest adoral subambulaeral 
spine (of the second, to fourth plate) is about as long as the first eight adambulacral 
plates measured on the furrow face; and in forma alveolata it is about seven plates in 
length — perhaps 10 to 14 per cent less. In forma troschelii the spines are usually 
still shorter. There are generally five pairs of adoral adambulacral plates joined to 
form a narrow adoral earina and the actinostome is very contracted, as in alveolata. 

The oral plates are not appreciably different from those of alveolata , there being 
two (sometimes three) apical, and one suboral spines. 

The madreporie body is large, with fine, very irregular, striae; its outer edge is 
about mid r. 

The papulae arc very numerous and distributed as in alveolata ; the abactinal 
papular areas are often smaller and more numerous, but there is no constant dif- 
ference. 

The straight pedieellariae are similar to those of troschelii — lanceolate, blunt or 
pointed, small — and are similarly distributed. 

The crossed pedieellariae are very numerous among the papulae as well as 
surrounding tho spines. They have the distribution characteristic of the genus. 
The abactinal pedieellariae measure about 0.30 to 0.31 (Unalaska); 0.2 to 0.26 
(Tongass); 0.23 to 0.24 (Victoria). In profile the upper part of the outer surface of 
the jaw is flattened or even slightly depressed. Northern specimens have larger 
pedieellariae. 

Variations. — The principal variations of the type form have already been noted. 
The abactinal spines vary in robustness as well as in the precise shape. In the largest 
specimen from Victoria, British Columbia, they are cylindrical or slightly tapered, 
two or three times as high as thick, blunt or truncate, with a sulcated tip. This is 
the usual form but a number of spines especially near the end of the ray are thicker 
and clavate. There is less difference in spine form than in alveolata. The differences 
in the arrangement of the abactinal spines — by which the papular areas are more or 
less completely fenced in — constitute one of the major variations. There is also a 
conspicuous difference in the robustness of the rays. The largest specimen from 
Victoria, British Columbia, with It 310 to 330 mm., and considerably shrunken in 
drying has the ray 60 to 65 mm. broad at base, or about one-fifth R. The stoutest 
specimen has the arm breadth about one-fourth R (Unalaska), while another from 
the same locality has the arm breadth one-fifth to one-sixth R. 

Tongass, southeast Alaska, Plate 64, Figure 2 . The specimens from this locality 
have been referred to acanthostoma , although they present certain points of difference 
which at first sight give them a very distinctive appearance. 

The rays are very slender and long, R equalling about 6)2 br measured at widest 
part. The rays taper very gradually from this narrow base. The abactinal spines 
are unusually numerous and are small. They completely surround the papular areas, 
dividing the abactinal surface into very numerous irregular meshes. The carinal 
series is pretty well marked at the base of the ray. The spinelets vary in different 
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individuals being cylindrical or t apcriiifr mid blunt, ami rather slender, nr el*e shorter 
and thicker, with a more or less broadened, truncate summit. This character is more 
marked on the median thnn on the lateral portions of the ubaetinnl area. In forms 
with well-marked carinul plates there are usually numerous crowded spines on each 
pinto. It is onlv a short step to the production of such forms as that shown in 
Plate 63, Figure 2, which can be classed as a small spined alreolata. A few specimens 
from Tongas must be plnced in alreolata on account of the coarse abactinal spines 
and the presence of only one or two siiperomanrinul spines. The ordinary Tongas* 
acantho*tomu have from three or four to *ix Miperomarginul spines, of which one is 
usually larger than the rest. 

Certain specimens in the Puget Sound region are similar to the Tongass variety. 
(PI. O'), lig. 1, Orcas Island, Sail Juan Islands.) 

Type locality of Jorum acanthostoma . — Popof Island, Shumngin Islands, Alaska. 

ltnuark *.— The type of VerrilPs acantho^toma was taken at Popof Island, Alaska 
and the forma is host developed in the region between Unulnska and Kodiak. In 
southern Alaska, British Columbia, and the Puget Sound region it intergrades so 
frequently with isaeanthous forms of alreolata that it can he described as a small 
spined offshoot of the isaeanthous varieties of ahroluta having polyacanthid super- 
omarginnls. 

A specimen from Departure Bay which has the small pointed abactinal spines 
of some specimens of acanthostoma t but only two superomarginal spines, in life was 
dark bay color, the spines being Antwerp blue. 

Type of Drasterias troschrlii. — Cat. Xo. 1306, t'.S.X.M. 

Type locality of lirasterias tro^chflii. Puget Sound, Wash. (Simoahmoo), north- 
west boundary .survey, Dr. C. B. Kennerly. 

Distribution. — St. Cicorge Island, Pribilof Islands to Monterey Bay, Calif. 
Intertidal zone to 39 fathoms. 

Specimens examined. Three hundred and forty-six. 

Sped menu of Evattcriax tronchrti i riamtncd 
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Specimens oj Evastcrias iroschclii examined— Continued 


Locality 


f. fro- f. olrco- 
fchelii lata 


Taylor Bay, Oabriola Inlot, British Columbia 

Beaver Harbor, British Columbia 

Comox, British Coluiuhia 

Departure Bay, British Columbia 

Do 

Do 

Clayoqunt Souml, British Columbia 

Barclay Sound, British Columbia 

Victoria, British Columbia 

Straits of Fuca 

Port Townsend, Wash 

Puget Sound, Wash 

Puget Sound (Simeahmoo) 

Puget Souml (Tacoma) 

Orcas Island, San Juan Islands, Wash 

Friday Harbor, San Juan Islands 

Station 4205, viciuity of Port Townsend, Wash., 26 
fathoms. 

Station 4222, same locality, 39 fathoms 


> 35 
2 

i 13 


1 juv. 
2 
1 


5 

5 22 


6 

1 


1 


4 

) 

12 


6 

25 

6 


1 

6 

8 

10 

10 

9 

1 


Beatrice, Humboldt County, Calif 1 

Trinidad Head, Calif 1 

San Francisco Bay, Calif 1 

Monterey Bay, Calif 1 

Carmel Bay, Calif 1 


f. ooin- 
tho- 
stomo 


1 


2 


2 

2 

1 

2 

1 jnv.(?) 


Remarks 


Albatross. 

Do. 


ocanthostoma not typical. 

Stanford Coll., W. F. Thompson. 

Calif. Acad. Sci. Coll., W. K. Fisher. 

Stanford Coll., C. H. Gilbert. 

Albatross. 

Do. 

D. S. Jordan. 

J. G. Swan. 

D. S. Jordan, Oscar Sturges, C. M. Drake. 
Northwest boundary survey, C. B. Kexmerly. 

F. W. Weymouth. 

Calif. Acad. Sci. Coll., Ida Oldroyd. 

Do. 

Bottom, rocks, shells; bottom temperature, 50.8° F 

Bottom, gray sand, broken shells. R 355 mm., 
r 46 mm., br 5S mm. 

C. M. Drake. 

Stanford Coll., W. F. Weymouth. 

Stanford Coll., W. F. Hamilton. 

K. E. C. Stearns. 

Stanford Coll., H. Heath. 


* Many intermediates; all stages between troschelii and alveolate. 


EVASTERIAS ECHINOSOMA Fisher 

Plate 59, Figures 2, 2a-2h, 4; Plates 67-69 

Evasterias echinosoma Fisher, A New Sea Star of the Genus Evasterias, Proc. U. S. Nat 
Mus , vol. 69, art. 6, 1920, p. 2, pis. 1, 2. 

Diagnosis . — Size large; rays five, long, tapering, stout, more or less swollen, 
with a very convex abaetinal, and a subplane actinal surface. Differing from E . 
troschelii in having uniformly large, mostly subcorneal, well-spaced abaetinal spines; 
marginal plates unusually high on side of ray, the superomarginals being abaetinal 
in position and generally monacanthid; six (or five) series of actinal plates (generally 
monacanthid) of which either the upper row or the iuferomarginals define the margin 
of ray; adambulaeral plates triplacanthid, or diplaeanthid and triplacanthid. Type, 
R 330 mm., r 51 nun., R = 6.4 r; br = about 60 mm. 

Description . — The abaetinal surface is armed with rather widely spaced and nearly 
uniform robust spines, cylindrical at the base, the distal half conical, longitudinally 
suleated, bluntly pointed, and in giant specimens with R 300 mm., about 2.5 mm. 
long, by 1 to 1.5 mm. thick at the base. The distal part of the spine may be slightly 
swollen so as to appear subeapitate. The spines of the distal portion of the ray are 
round-tipped, and by a shortening and rounding of the terminal conical portion a 
stibglobose, striated tip results. A majority of spines are so formed in specimens 
from stations 32S1 (2), 3291 (l), 3235 (1), none of which has R greater than 200 mm. 
In the specimen from station 2S42 the spines are slenderer than in the type, tapering, 
and pointed. The spines do not have regular arrangement. An irregular carinal 
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series is generally fairly well marked. the dorsolateral* Mnudiug typically singly 
(hut sometimes in groups nr lines of t wo, three, or oumi four) cm t ho chief nodes of the 
retieular skeleton In some of tin* very large speeimcns there arc* a few \erv delicate 
terete spinelets, seareelv longer than the nhnetinal straight pedieellnriae, scattered 
over tin* nhnetinal surface hi the specimens in which the spinelets are more or less 
grouped, there is rather loss uniformity in size. >onie being of distinctly secondary 
size. There is a broad and pretty definite supramarginal channel hounded ahnetinally 
by a very irregular row of dorsal spines, which usually hut not mI\\h\> stand closer 
together than on the rest of the dorsolateral region. 

The superomarginal opines are similar in form to the nbactinn) spines (following 
the variations of the hitter) and are generally Mightly smaller. Typically they stand 
one to a plate, close together, forming a very well-defined series, characteristically 
high on the side of the ray, so that the proximal half at least, and sometimes the whole 
rav is bordered, when viewed from above, by the inforomargitiuK or by the* first series 
of iictinal spines. This character is accentuated in small examples <K 110 mm. , 
in which the ahactinal area is narrow. Interradinlly the superomarginal series ex- 
tends halfway to the center of the disk. Two or three spines occur on the plates of 
the proximal half of ray in specimens from stations 47%, 3*235, and 321U (one each). 

There is a wide intennnrginal channel (2 or 2.5 times length of inferomarginal 
spines). Inferomarginal spines similar to superomarginnls, but a little longer (3 
or 4 mm. in giant specimens), sometimes one to a plate, sometimes two, or rather ir- 
regularly one and two proximally and one distallv. The series bends upward intcr- 
radially, and in some specimens is nbactinal (or dorsolateral) in position. 

In large specimens there are six series of spiniferons and one short series of spine- 
less action! plates at the base of the ray. There is considerable variation in the num- 
ber of spines per plate All plates may be monacanthid. In this cn*>e there are 
eight regular, spaced. longiscries of spines, of which two are marginal series abactirml 
in position. (Station 32v2.) Tho outer three or four series are sometimes regularly 
or irregularly diplncnnthid and the inner two or three monacanthid; or the outer row 
may be monacanthid. the next two irregularly diplaeanthiil. and the remaining three, 
monacanthid. (Station 32M.) In a specimen front station 2s 12 a considerable num- 
ber of plates are triplaeanthid. In largo specimens the sixth or inner series of actinal 
spines extends one-third 1\ measured from center of disk. The actinal spines be- 
come gradually a little longer, sometimes heavier and elm ate. in passing from the 
outer toward the inner scries. The details of the actinal spines an* variable, a- in 
other species. The tips may be compressed and ^obtruncate, snlcale. or tapered, 
blunt, or pointed. Tho smallest specimen (station ;>f»5iW with K -10 mm., has four 
series of actinal plates The large specimen from Kamchatka (station 47%) with 
h 2 Oil mm. has hut live scries of actinal plates Whether this constant for large 
Asiatic examples can not he determined. 

The actinal channels are typically well marked, even broad in some cases, so 
that the rows of spine- are distinct and separated 

Tho ada mbulacnd are triplaeanthid and diplaennthid In large examples mo*t 
of the plates of the proximal half of the ray an* t riplaentithid thru irregularlv dipln- 
eanthid ami triplaeanthid and finally on the dist.d third « »f the ra\ , mostly difda- 
eanthid lie* di^'nbot »n of these numbers will, » » f ronr>e, \nr\ m different indi- 
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viduals. In general the proportion of plates occupied by three spines increases with 
the size of the animal, the third spine being added on the outer side of the plate. 
The combs of alternate plates are advanced further into the furrow. The first three 
plates following the mouth plates are generally monacanthid; then three or four are 
diplacanthid, following which, after a few plates of three and two, the regular trip- 
lacanthid plates commence. The spines are slender, about as long as the inner 
11 c finals. The furrow members are slightly tapered; the others, a little stouter, 
varying from slightly tapered to cylindrical, or somewhat clavate, round tipped to 
bluntly pointed. The third, outer spine may be shorter than the other two. There 
are usually five pairs of united plates composing the adoral Carina. The large Kam- 
chatkan example is diplacanthid, and near the end of the ray, irregularly diplacan- 
thid and monacanthid. 

Actinostome very small. Mouth plates with tw^o apical spines in nearly verti- 
cal scries, the smaller at the mouth of the furrow, the other (about as long as the 
plate, and sometimes spatulatc) almost directly above it (as viewed from actinal 
side). The suboral spine, near outer end of plate, is about as long as first two or 
three adambulacrals. 

The papulae have the distribution characteristic of the genus, and are very 
abundant, especially abactinally, where, in alcoholic specimens they appear to 
occup 3 T all the space between the prominent circles of crossed pedicellariae surround- 
ing the spines. The size of the areas increases with age; about eight or nine areas 
can be counted across the ray at base, but the dorsolaterals are very irregular. Therfc 
is a fairly regular supramarginal row. The intermarginal and actinal rows — eight in 
all — are typically regular and decrease in size toward the furrow. 

Straight pedicellariae (pi. 59, figs. 2, 2a-2/): There are two sorts, larger and 
smaller; the larger, usually compressed ovate, wedge-shaped, with the end broadly 
rounded and the tip of each jaw T with two or three denticles, varies from abundant to 
relatively few r on the abactinal surface; they are generally abundant on the inter- 
marginal and actinal integument, and a few occur oil the inferoinarginal, actinal, 
adambulacral, and oral spines. They vary to lanceolate obtuse and lanceolate acute. 
In large specimens the abactinal measure about 0.9 to 1 mm., while the actinal inter- 
radial ones arc 1.5 mm. long. Much smaller ones are present in variable numbers 
on the actinal, adambulacral, and oral spines, and are rather sparsely scattered 
along the furrow’ face of the adambulacral plates. 

Small crossed pedicellariae (pi. 59, figs. 2 g, 2 h) are very abundant singly and in 
groups among the papulae; in a broad zone around the abactinal and marginal 
spines; and in half-wreaths on the outer side of the actinal and adambulacral spines. 
The abactinal measure 0.27 to 0.3 mm. while the adambulacral measure 0.35 to 0.4 
mm. (large specimens with R 270 mm. or more). Apparently there is a gradual 
increase in the number of crossed pedicellariae, especially the papular, with age. 

Madreporic body large, suhplane, with a row of spinelets on the adcentral border; 
it is situated a little less than one-third r from center of disk. 

1 ariations . — The chief variations have been noted in the foregoing account. 
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The example from <»1F I Ytropnvlovsk, Avntka Hay, Kamchatka (pi. fig 1), 
suggests a representative of a slightly differentiated race. There is but om* largo 
specimen, and therefore no chance to tost tlio constancy of its characters. The 
abaotinal spines nro inoro niimcrmis than in typical oast Boring Sen examples and uro 
grouped, or in linos, so that the reticulum of the skeleton is indicated, hut not clearly 
marked; there are but live series of aotinal plates, and only four are prominent; the 
proximal stiperomarginal plates are polyaeanthid ; the ndnmbnlaernls arc* diplacan- 
thid, and the straight podicollariae are few instead of abundant. The small speci- 
men from the Okhotsk Son, having K *10 mm., has four series of RCtimds, typical 
nbaotinnl spines, and very abundant straight pedircllnriac. 

Anatomical notes . — The carinal plates are four lobed, and strongly imbricated in 
series. The dorsolnterals are irregular, in outline separated lc^ than their own 
diameter (occasionally directly overlapping by a lobe), and are connected by (don- 
gated secondary ossicles on the coelomie side. These become longer toward the 
marginal plates, and all underlap strongly the major plates, showing above as narrow 
connecting pieces or trabeculae of the reticulum, of which the primary plates form the 
disproportionately thickened nodes. The marginals and aetinals are four lobed (the 
transverse lobes the longer) very strongly imbricated, so that the intervals between 
the plates are rather small, and the plates decrease in size from the siiperomarginals 
to the innermost or seventh series of aetinals which is spineless. The upper, or, 
underlying, lobe of the aetinals is the longest and is more or less comprcs>ed and 
carinntcd. 

The adainbulacral plates are very short and broad, the width equaling the 
length of about five consecutive plntcs. The amhulacrals are also very wide and short, 
the width of course varying in different parts of the ray. The amlnilaeral pores are 
quite slitlike. In large specimens there are 11 ambulacra! plates in the length of 10 
mm. (about opposite intcrhrachial angle). 

The ovaries of a small specimen (K 123 mm.) are mature and open dorsally close 
to the interradinl line at about mid r. The gonad is roughly spindle-shaped and 
consists of numerous short subequal lobulatcd divisions arranged rather symmetric- 
ally around a central axis. 

Type. — Cat. No. El 237, IYS.X.M. 

Type locality. — Station 327S, north of the end of the Alaska lYninsula (o0° 12' 
30" X., 102° 13' \\ .) ; 47 fathoms, line gray sand ; bottom temperature, 3S>° 1- 

Distribution. — Southern Bering Sea, from Bristol Bay to I'nalaska; tin* coa>i of 
Asia from Avntka Bay, Kamchatka, to the Okhotsk Sea; 11 to 4s fathom*, line 
sand, mud, pebbles, stones; temperature range 3N° to 41.2° V. 

iS pcci me ns exa m i n al. — Tlii r t ecu . 
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Specimens of Evaslerias echinosoma examined 


®. ta * Locality 

tton 

| | 

i Bottom 

Depth Nature of bottom temper- 

ature 

Num- 
ber of 
speci- 
mens 

Collection 


Fathoms 

0 F. 



Off north coast riwHski 

41 Pebbles - J 

41 

1 

U.S.X.M. 


11 Black stones 


1 

l_ Do 

30 ^ 

14 Black mud 

3$ 

1 

Do. 

327$ North of end of Alaska Peninsula 56° 12' 

47 Fine gray sand 

3S.8 

2 

Do 

I 30" N\, 162° 13' W. 

1 




30 M Jo 

3G Gray sand 


o 

Do. 

3 2 $ 2 do - 

53 Fine sand, green mnd 

3S.2 

1 

Do. 

32$S do _ 

35 1 Gray sand 

41 

1 

Do. 

3201 Mouth Bristol Bay, near Alaskan Penin- 

2i> Black sand 

41.2 

2 

Do. 

1 sula, 56° 5 S r 30" N\, 159° 1 1 ' W. 





3050 Okhotsk Sea (to westward of Robben 

2h Brown nmd, sand 


1 

Do. 

Island). 



• 


4706 Avatka Bay, Kamchatka, 52° \V N., 

48 Sand, pebbles, shells 

, 

1 

Albatross, 190G. 

158° 43' E. 

1 





Remarks . — This well-marked species is separated from troschelii by several 
definite characters: (1) The well-spaced, stout, subcorneal, conical, or occasionally 
capitate abactinal spines; (2) the unusually numerous actinal plates, there being 
seven rows in large specimens; (3) the position of the marginal plates relatively high 
on the side of the ray, so that the superomarginals are abactinal in position; (4) the 
triplacanthid and diplacnnthid adambulaeral plates. 

A specimen from station 3291 (with R 1G2 mm. pi. GS, fig. 2) has the abactinal 
spines rather more numerous, and considerably smaller than in typical specimens. 
It is not to be confounded with E. troschelii forma acanthostoma , because the other 
characters arc typical. 

Genus STEPHANASTERIAS VerriU 

Stephanasterias Verrill, Bull. Essex Inst., vol. 1, 1S71, p. 5. Type, Asteraeanthion albulus 
Stinipson. 

Nanaster Perrier, Exp6d. sci. Travailleur et Talisman, pp. 129, 131, 133. Type, Stichaster 
albulus (Stinipson). 

Diagnosis . — Small fissiparous Asteriinae with upward of nine rays, and a closely 
reticulate rather irregular abactinal skeleton consisting of small, lobed or elliptical, 
imbricating plates, of which the closely imbricated 4-lobcd earinals form a definite 
fairly regular series; aetinals absent; marginals low on side of ray, and, like the abac- 
tinals bearing several short delicate spinelets; papulae simple, one to several to each 
area, of which there are upward of four poorly defined dorsolateral and one inter- 
marginal longiseries on either side; adambulaeral plates short (eompressed) dipla- 
canthid or triplicant hid , without spine pedicellariae; udoral carina consisting usually 
of one pair of contiguous adamhulacrals increasing to three in largest specimens; 
tube feet in four longiseries; large, toothed, and unguiculate straight pedicellariae; 
crossed pedicellariae without enlarged terminal teeth; gonads opening low on side of 
ray in intcrbrachial channel, intermarginally. 

In addition to the type species, S. gracilis (Perrier) has been described from the 
West Indian region (off Florida, Lesser Antilles, Cuba, 56 to 200 fathoms). 
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Stcphanastcna# hebes Vorrill from Albatross station 270t», 10.5 fathoms, oil* the 
cast coast of South America (lat. 30° 17' S., long. 5fi° *23' \\\), is not a SUphannsUrun, 
hut probably an Allostickastcr. 2 * 


STEPHAN A.8TKUI AS Al.lIll.A (Sllmjwon) 

Plate 70, Figures 1-5; Plate 71, Figures 1 , la-lp; Plate 72, Figure 5 

/l^eraeant/non albulus Stimpson, Invert. Grand Manan, 1853, p. 14, pi. 1, fig. 5. 

Asteracanthion pToblcma Stkknsthup, Vidensk. Medd., 1851, p. *2 10 — LLtkkn, GrouUndi 
Echinodermnta, 1S57, p. 30; Vidcnsk. Medd., 1871, p. 300. 

/Uterias albula Stimtson, Proc. Acad. Nat. Sei., Philadelphia (1803 , IS0-1, p. 142. 

Stichaster albulus Vkiuoll, Proc. Boston Soc. Nat Hist., vol. 10, 1800, p. 351 (var. m/idi 
p. 351 ). — Ludwig, Arktischc Sccsternc, Fauna Arctiea 1, 1000, p. 470 (literalure list . — 
Vox Hofstex, Echinodcrmen dcs Eisfjords, 1015, p. 50, fig, 10 (distribution). 

Stephanaslerias albula Vluciull, Bull. Essex !n>l., vol. 1, 1S71, p 5; Slmllow-waler Star- 
fishes, 1011, p. 147*. 

Description . — The small, closc-set groups of dorsolateral spinelcts, upward of 
five to h plate, tend to form close transverse rows, extending from the differentiated 
earinal series lo the inferomarginals which are low on side of ray. Carinal plates 
somewhat larger than the dorsolaterals, more strongly imbricated and with live or six 
divaricate spinelcts. In a large specimen nbactinal spinelcts are 0.45 to 0.55 mm. 
long and are tipped with usually three to six sharp thornlels. In aloocholic specimens 
the spinelcts are skin-covered, papilliform and not easy lo dillVronlialo from the 
crossed pedieellariae which are scattered among them. Papulae small, single or few 
to an area. Two irregular longiserics of areas nearest earinals are about the size of 
ihe plates but two other scries on dorsolateral region of ray (the outer one, supramar- 
ginal) are usually considerably larger than the surrounding plates. 

Supermarginal plates four lobed, closely imbricated, the descending lobe longest. 
Each bears a transverse (vertical) comb of four or three spinelels similar to the nbac- 
tinal but sometimes a shade larger, lnfcromarginal plates, on ventrolateral border 
of ray bear an oblique comb of throe or four spinelcts of which the lower two (or 
sometimes three), are considerably longer and often much thicker than the supero- 
marginnls. In old specimens some of them may he spalulate, or clavate and slightly 
curved. Usually, however, they are all slender. They are about 1 lo 1.25 mm long, 

Adambulacral plates short, so that the combs of three spines per plale (rarely 
four), arc close together and form a ehoveux-do-frise along ihe furrow margin Pintos 
of the outer attenuate, portion of I lie ray frequently carry two spinelcts. The spinelels 
are stibcqual to the inferomarginnls and like them are sometimes thickened in old 
specimens. The middle one is often slightly to dccidcdlv comprised and broadened 
toward the tip. 

Each mouth plate carries on the narrow suboral surface two to four tapered 
spinelels similar to the succeeding adambulacral spinelcts (of which I here may he 
only two on the first two or three narrowed adamhidncrnlsi At the base of ihe 
innermost oral spine there is a cluster of small lanceolate <i raighl pedieellariae l -inula r 
lo those which fringe the furrow margin) One to so\eral large unguieulale 
pedieellariae stand at the surface of the plale 
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Crossed pedicellariae (pi. 71, fig. lb), numerous, averaging 0.25 to 0.27 mm. 
with many as small as 0.225 mm. They are attached at the base, sometimes on the 
base, of the spinelets around which they form complete or partial circlets. They are 
present sparingly on the inferomarginal spines, except the inner or lowermost which 
carries them only sporadically. 

Straight pedicellariae roughly of two sorts: (1) Larger, pyriform or ovoid, 
dentate or unguicuhite ones scattered over the surface of the body here and there 
along the furrow margin, and on the oral plates. (PI. 71, figs, lc, 1/.) These appear 
to be common only in the largest specimens where they measure from 0.S to 1.2 mm. 
(2) Lanceolate blunt forms with or without a few terminal teeth, and much smaller 
than the above are scattered over the body and along the furrow margin. In most 
specimens these are the prevalent type and vary greatly in size, from the length of 
the crossed pedicellariae to 0.5 or 0.6 mm. On big specimens (R 50 mm. or more) 
they intergrade in size with (1). (PI. 71, figs. 1 d, le.) 

Madreporic bodies usually two, in opposite interradii near the margin of disk. 
Some but not all small, 6-rayed examples have one madreporite. Ordinarily fission 
takes place on a plane between the two madreporites, but there are a number of 
exceptions, as for instance the large 7-rayed example, Plate 70, Figure 1, station 354S. 
Specimens in process of acquiring new rays usually have the second madreporite 
undeveloped on the regenerating part of the disk. 

Type locality . — Grand Manan, New Brunswick (at mouth of Bay of Fundy). 

Distribution . — On the Atlantic coast of North America “it is common from low- 
water mark to 100 fathoms in the Bay of Fund} 7 and of! the coast of Nova Scotia. 
Dredged at more than 100 stations between north latitude 46° 50' and 35° 12' 30". 
Off Cape Hatteras and off South Carolina it is common in 16 to 50 fathoms. Common 
south of Marthas Vineyard in 50 to 150 fathoms. In depth its range is 0 to 229 
fathoms; in one case recorded from 435 fathoms, off Delaware, and once from 1,253 
fathoms. ” (Vcrrill, 1914, p. 148.) The species has been taken on the east, south, 
and west coasts of Greenland as far north as latitude 80°; from Ellesmere Land, 
Jones Sound, Cumberland Gulf; Iceland; Jan Mayen; Spitzbergen; Murman coast; 
Barents Sea; Kara Sea and Kara Strait; Matochkin Strait, Nova Zembla. (See 
Von Hofsten, 1915, p. 57.) 

In the north Pacific region the species has been taken in 33 to 350 fathoms from 
southern Bering Sea to Lynn Canal, southern Alaska. 

It has been recorded by Marenzeller (according to Von Hofsten, 1915), from 
1,000 to 1,200 meters, Japanese Sea. 

The species is probably completely circumpolar in distribution, but it is to be 
noted that no specimens have been taken in northern Bering Sea, nor from the Arctic 
Ocean just north of Bering Straits — regions which have yielded other species of arctic 
sea stars. 

Specimens examined . — Seventy-four. 
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Conus AlHIAN ASTKRIAS Kishcr 


Aphannstcnns Fishf.r, \im. Mac. Nat tti*d., Mr. 0, vnl. t'J, ltrJ3. f*. <* 0 |. T\ | «\ .1. 
pycnopodia Fisher. 


Diagnosis Resembling a large 5-rnved StrpIutua&Urias in p’tu rnl appearance, 
hut differing in having compound papulae, very regularly diplneanthid ndainhulaertils. 
diplaeanthid inferomarginals, monneautliid supcromnrginaN and nbaetinals, extremely 
compressed amhidneruls, and in lacking lissipnrity. Xo actinal plates (except pos- 
sibly a few interradial rudiment**) ; marginals small, on ventrolateral border of ray : 
abactinal skeleton irregularly reticulate, the enrinals arruntely and rather irregularly 
four sided, and imbricated in a definable series; dorsolatends very irregular trans- 
versely elongate; adnmbulaeraU and nmbulacrals much compressed, the adoral 
carina well developer!, with four to six pairs of plates involved; gonads opening inter- 
rndially and dorsally; crossed pedicellnriae in circlets around the abactinal and 
superomarginal spinelets; in tufts on the inferomarginals; conspicuous unguirulnto 
straight pedicellnriae; no pedicellnriae whatever on the ndnmbnlarral spines. 

linnarks. To the differences separating thi* genus from $trphitna*tfru\ i< might 
well be added "a better developed adoral carina.” The small specimens of Strphnt i* 
a*tfr\as ordinarily found in collections have only the first postornl pair of adambu- 
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1 acral plates in contact intcrrndially, but a large specimen which I have (station 354S, 
Bering Sea) has three pairs in contact. 

One of the best differences seems to be the compound structure of the papulae, 
to which the finely papillose appearance of the intcrspinal spaces is due. In Ste- 
phanasterias the papulae are simple papillae, not at all subdivided. 

Aphclasterias japonica superficially resembles Aphanasterias pycnopodia but its 
rays are stouter. Its spinelets arc more like those of Stephanasterias . There are 
three or four inferomarginal, and the same number of supermarginal spines in ver- 
tical (transverse) combs, the abactinal spinelets are in small groups, and the papulae 
are simple. The straight pediccllariac are inconspicuous and lanceolate, and the 
crossed pedicellariae are quite small (0.16 to 0.1S nun. long; pi. 72, fig. 5). As in 
Aphanasterias the adambuhicral plates arc regularly diplacanthid, the ambulacrals 
are* much compressed, and the adoral carina is narrow and in large specimens com- 
posed of three to five pairs of plates. But the resemblance of this feature to that of 
Aphanasterias pycnopodia is not strong, since the carina is much more constricted in 
Aphclasterias and the first and second adainbiilacrals arc longer than the succeeding. 

In Stephanasterias the gonads open at the base of the ray, between the super- 
marginal and inferomarginal plates; in Aphclasterias they are attached to the inner 
surface of the supermarginal a short distance from the base of the ray (a trifle less 
than r), but the ducts open just above the superomarginals. In the present genus the 
attachment point is close to the interbrachial angle, above the superomarginals (which 
turn upward rather abruptly as they approach the angle) and at the dorsal entrance 
of interbrachial or axillary channel. In the other two genera the aperture is low on 
the side of the ray. 

APHANASTERIAS PYCNOPODIA Fisher 

Plate 70, Figures 6, 7; Plate 72, Figures 1-3 

Aphanasterias pycnopodia Fisher, Ann. and Mag. Nat. Hist., ser. 9, vol. 12, 1923, p. 601. 

Diagnosis . — Rays five; R 7G min., r 7 mm., R=10.8 r; breadth of ray at base, 
9 or 10 mm.; disk very small, rays very slender and gradually tapering to an atten- 
uate extremity; abactinal surface well arched; marginal plates on the ventrolateral 
margin; tube feet very crowded, sometimes five or six across the furrow; actinos- 
tonie small, sunken; adoral carina well developed; abactinal spinelets small, solitary, 
scattered, except the carinals which form regular series; superomarginals forming 
one, infcromarginals two, and adambulacral spinelets two regular longiscries; large 
unguiculato straight pedicellariae; crossed pedicellariae in small circles around the 
abactinal and siiperomarginal spinelets, and in tufts on the infcromarginals; gonads 
opening dorsallv. 

Description. — The ray lias few trenchant features which may be used as recog- 
nition characters. The well arched abactinal surface is beset with short, conical or 
conico-cylindrical, sharp or bluntly pointed, spaced spinelets, one to a plate and 
averaging about 0.5 to 0.6 mm. in length. Those of the carinal scries form a definite 
line and are spaced about their own length apart, and are stouter than the adjacent 
dorsolateral spinelets, which increase slightly in size toward the superomarginal 
series. The dorsolateral spinelets are more widely spaced, do not form regular series, 
and about four or five can bo counted in the width of each dorsolateral area, at base 
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of rav. There is nno siiperomarginal spine, a little Imurcr than i ho carinals, and just 
hclow* it two slightly longer, tapered inferomarginal spinclcu*, the upper tin* shorter. 
Tho three spines form three longitudinal series, the two inferomarginal being on tin* 
vent rolaternl margin of tin* ray, tin* superomarginnls spaced above them bv about 
I h<> length of a .spine. Kuril nbuctinal and supcromargimil spinelet is surrounded by 
a rollnr of crossed prdirrllnriar bornr on a sheat h while thr inferomarginal* rarrv a 
small (duster, that of thr outer being thr larger. It is often absent from the inner or 
lower spine. Seattored irregularly among the abaetinal and marginal spines are 
unguicnlntc straight pedieellarine sometimes longer (ban the spinelets. A relatively 
huge one is found in eneh aetinal interradial area 

I'he abaetinal skeleton is of the irregularly retieulate t\pe The carinals are 
irregularly ami tin* marginals fairly regularly four lobed and directly imbiitat’d 
except in the ease of the proximal earinals whieli may have an internal eonin < ting 
ossicle. The dorsolnterals an* quite irregular. Aetinal plntrs abst nt (IM.72.lL' 1 ) 

Papulae compound, four to eight small papillae to a duster and two to fo ir 
clusters to n mesh, irregularly (list i ibuted. Kaeb (duster represent** a subdivided or 
compound paptdn. Intormarginal areas with one (duster. The papulae lill in the 
spaces between the eirennispinal crowns of pedieellarine and give tin* surtsne a 
minutely papillose appearimee. 

Adambulaeral plates jnxtnpoM»d closely to inferomnrginal.s, \ < ry short, so that 
the consecutive pairs of spines are elo.sdy in contact. Tin' spines, whi< h are slender, 
slightly tapered, and blunt , are nearly equal, a little shorter but very much slenderer 
than the lower inferomarginal spine, and form two regular longiseries on the furrow 
margin. The proximal spines measure l .‘Jo nun. A cordon of large pedunculate 
lanceolate straight pedieellarine proximnllv O.Po mm. long) occupies tin* furrow face 
of the adamlnilaeraU. They sometimes extend between the furrow spines, but the 
hitter carry no pedieellarine whntso» v* r. 

The aetinostome is small and const r ict( d, and the adoral earina rather well 
dev ('loped , consisting of about live postural pairs of adambuho raU joined on the 
interradial line. Mouth plates small, compressed, each with two rather stunt, 
flattened, blunt spinelets, the inner (dose to the mouth. At tin* bn-e of the into r 
spiuclet is a lanceolate straight pedh ollnrin, and frequently a larger unguicuhitc one 
(with two claws to a jaw) occupies n position between the suhornl and aetino^Nimial 
spinelet (one to each oral angle). 

Ambuhieral ossicles very much compressed; ambuhu ral pons very narrow - it*, 
the two mesial rows not exactly straight, so that the tube feet appear in more than 
four series, in the broadest portion of the ray. 

(Tossed pedieellarine, distributed ns indicated above, are of fairlv uniform sj/e 
(about 0.3 mm.), though small ones 0.22 mm.) ale found scattered here and there 
among the larger. They lack enlarged teeth on the terminal expanded portion but 
have numerous small denticles on tin* shank. 

The straight pedieellarine of the abaetinal and lateral portions of rays an 1 dT*k 
are very obtu«e as seen in profile, and from two to three times ih long ns broad Vhe 
jaws are scarcely broadened disially and end in one to three prominent < laws t >lh n 
one claw fits hetwc<u two of the opposing jaw. The largest abactmal arc aho«il 1 
min. in length The large u< tinal int< riuediate pedieellnria 1 to 1 7 mm hr s 
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heavier, distinctly spatulato jaws with two or three interlocking claws. The adam- 
hulacral pedicellariae attached by fleshy peduncles to the furrow face of the plates arc 
lanceolate, without teeth, except incipicntly, on the adoral carina. In life the pedun- 
cles arc probably capable of considerable extension. 

Madrcporic body 3 nun. in diameter, with pores rather than striae, and situated 
a little nearer to interbraohial angle than inidwav of r. 

Gonads small, opening in intcrbrachial angle above the superomarginal plates. 
Ampullae single, pyriform, but somewhat two lobed when contracted. 

Type.- — Cat. No. E 1505, U.S.N.M. 

Type locality. — Station 2847, vicinity of Shumagin Islands (55° 01' N., ICO 0 
12' W.), 48 fathoms, fine gray sand, bottom temperature 42° F.; one specimen. 

Remarks. — This species resembles a large, sparsely spined Stephana sterias aibula 
with two instead of three inferomarginal spines, one instead of three or four supero- 
marginal spines, and two instead of three adambulacral spines. The abactinal 
spinelcts of Stepliananterias arc in little groups which tend to form transverse rows, 
in large specimens especially. Most North Atlantic examples of Slejrhanasterias 
aibula arc quite small, but I have a specimen from 91 fathoms, Bering Sea (station 
354S) in which the longest rays are 58 mm. The largo straight pedicellariae of 
Stephanastenae have more numerous teeth and arc of different form. 

Genus P1SASTER Muller and Troschel 

Asterias (part) Brandt, Prodromus, 1835, and authors. 

disaster Muller and Troschel, Archiv f. Naturgesch. 6 Jalirg, vol. 1, 1840, p. 367; System 
der Asteriden, 1842, p. 20. Type, Asteracanthion margaritifer Muller and Troschel 
( = Asterias ochracea Brandt).- — A. Agassiz, Mem. Mus. Comp. Zool., vol. 5, 1877, p. 
96 (citation). — Fisher, Smithsonian Misc. Coll., vol. 52, 1908, p. 89; Zool. Anz., vol. 
33, 190S, p. 358. — Verrill, Amer. Journ. Sci., vol. 28, 1909, p. 63; Shallow- water 
Starfishes, etc., 1914, p. 67. — Fisher, Ann, Mag. Nat. Hist., ser. 9, vol. 17, 1926, p. 556. 

Asteracanthion (part) Muller and Troschel, System der Asteriden, 1842, p. 20. 

Calliasterias Fewkes, Bull. Essex Inst., vol. 21, 1889, p. 33. Type, /Isfcnas exquisita de 
Loriol { — Pisastcr giganteus young). 

Diagnosis. — Large, hcavy-ossieled, monacanthid Astcriinae having an irregularly 
articulate abactinal skeleton; few to numerous short subcapitatc abactinal spines; 
two to five longiserics of spiniferous aetinal plates; a small, deeply sunken actino- 
stome; long, upeurved adoral carina; extremely compressed ambulacral ossicles; 
unique furcate straight pedicellariae, each jaw of which ends in one long and one 
short hyaline blade; no pedicellariae on adambulacral spines; gonads opening 
dorsallv. 

Description. — Abactinal skeleton irregularly reticulate; the carinals and mar- 
ginals at first four lobed; one or more intermarginal ossicles; in old specimens second- 
ary ossicles are developed between consecutive inferomarginal and aetinal plates as 
well as between the plates of the transverse scries; normally two inferomarginal and 
one aetinal spine to a plate, each with a thick pad of crossed pedicellariae on outer 
side; abactinal spines variable, but uniformly short, subconical to subglobose, the 
more or less specialized distal portion longitudinally scored; in old specimens there 
may be more than five longiserics of aetinal plates, and the skeleton is strengthened 
by the addition of new ossicles on the coclomic side. Actinostome small, deeply 
sunken, the adoral carina eomposed of upward of 15 pairs of contiguous adam- 
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bulnernls; proximal end of furrow pctaloid in form; ambulacra! ossicles very 
much compressed so tliat tho tube feet stand in six rows at the widest part of 
furrow; intorbrnehial septum strongly calcified, and extending about two-thirds 
toward center of disk; aperture from arm coelom into disk Hindi about twice 
diameter of mndreporite in ochraerns); a series of transverse, vertirnl, siiperaetinal 
partitions or buttresses connects the adambiilacral and inforomurginal plate**, the 
spaces between them forming a series of coeloinic ea\itics above the aetmal plates. 
Papulae numerous, slender, in clusters, the actiuul very long; the clutters originate 
from a common hcrnialike swelling of the skin which, with bases of papulae, is 
armed with tiny lanceolate pcdicellariac. (PI. 77, lig f> ) Stonun li override; 
pyloric cocca long, bulky; intestinal coecum with slender irregular lobes; gonad-*, 
extensive racemose tufts, opening dorsally. 

Small furcate straight pcdieollnrino (usually mingled with the ere- ed are 
peculiar to the genus and consist of a basal piece, longer than broad, anil two eur\ed 
jaws each ending in two thin hyaline blades, characteristic for each species One 
blade is always much longer and broader than the other. Large sessile, ovoid, 
“stone-hammer “ pcdicellariac with narrow to broad ovate jaws and terminal inter- 
locking teeth are found scattered over tho body hut especially in the intermarginal 
and in the aetinal interradinl channels; very small lanceolate dermal straight pcdicel- 
lariac are common especially among the papulae and in long pedunculate clusters 
attached to the furrow margin, often surrounding one or more large lanceolate, 
toothed pedicellnrine. Crossed pcdicellariac, in dermal tufts or surrounding spines, 
are numerous and lack any conspicuously enlarged terminal teeth (Actinostominl 
ring, pi. 70, lig. 1.) 

lifthiirks. — The most characteristic features of this genus are the furcate pedicol- 
Inriae, which are unique; the broad aetinal area; and the long ndoral enriua bent 
upward to the deeply sunken, small, aetiuostome. These are all indications of high 
specialization, as are the \erv numerous, crowded, ambulacra] ossicles and small 
mouth plates. If we assume as primitive a type similar to IhjdrusUr i v, with 
open oral angle (that is, without adoral earina), with bLerinl tube feet and 
uncrowded ambulacra! ossicles, no aetinal plates, and few, regular, dorsolateral*, 
then /\<d *tfr is one of the most specialized genera in the family. It is moreover 
restricted in habitat, as specialized genera are likely to be, bring confined to the 
Pacific const of North America. 

Yerrill (101*1, |>. fi7) lays considerable emphasis upon the large unguieiilale 
pediecllarine as peculiar features of this genus, but this type is widely distributed 
through the family and is in no way eharacteri-tir of / *» sri r alone. If these 
pedieellariae were diagnostic of I'Lsastfr they would exhibit peculiarities for each 
specie** as do the unique furcate pedicellnrine. Nothing similar to I he latter have 
been described for any sea star. No mention of them is made by Yerrill, though 
they are very numerous in his I*i.\ t isUr ( brrr'sph us as well a** in other 

forms, except southern California races of /\ ocha merit* and I' tj tjur It t* wlieie liny 
are rut her scarce 

The species are extremely variable. As is often the ease when alum hint mate- 
rial i** available, specific distinctions become levs distinct. Three species are sharply 
differentiated, without the least indication of intergradation. All the other tax- 
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onoinic divisions have been arranged under one or another of these three — ochraceus, 
gigantens, b/erispinvs. 

In the left column arc the forms recognized in this synopsis and in the right 
column the names which the same forms bear in VcrrilPs Shallow-water Starfishes. 

Pisaster ochraccus forma ochraccus Pisaster ochraceus (p. 69). 

Pisastcr fissispinus (p. 76). 

Pisaster ochraccus f. nodiferus Pisastcr ochraceus var. nodiferus (p. 72). 

Pisastcr ochraccus f. ccmjertus Pisaster canfertus (p. 73). 

Pisastcr ochraccus segnis Pisaster ochraceus. 

Pisaster hrevispinus f. brevispinus Pisaster brevispinus (p. 77). 

Pisastcr brevispinus f. paucispinus Pisastcr papulosus (p. 91). 

Pisastcr paucispinus (p. 98). 

Pisastcr gigantcus Pisaster liilkenii (p. 83). 

Pisaster lutkenii var. australis (p. 88). 

Pisaster giganteus (p. 97). 

Pisastcr gigantcus eapitatus Pisastcr capitatus (p. 81). 

Pisaster grayi (p. 97). 

Pinaster grayi Yerrill is a phantom species, the origin of which is traceable to a 
mistake in Terrier’s Revision dcs Stclldrides, page 68. Perrier there described the 
types of Gray’s Asterias katherinae ( = Leptasterias polaris katherinae) as having 
monacanthid adambxdacrals, whereas the types (which can be fixed with perfect pre- 
cision) all have diplacanthid adambulacrals. Vcrrill accepted Perrier’s description, 
but inferred that these supposedly monacanthid specimens were a second set of 
6-ray ed asterids which Perrier had mistaken for the types of Asterias katherinae. No 
such second set exists, however. Pisaster grayi is therefore without status. The 
name must bo regarded as a synonym of Leptasterias polaris katherinae . 

PISASTER OCHRACEUS (Brandi) 

Asterias ochracca Brandt, Prodromus, 1835, p. 69 (Sitka). — Stimpson, Boston Journ. Nat. 
Hist., vol. 6, 1867, p. 527, pi. 23, fig. 2. — Verrill, Trans. Conn. Acad. Sci., vol. 1, 
1867, pp. 325, 326. — Perrier, R4v. Stell., 1S75, p. 70. — Whiteaves, Trans. Royal 
Soc. Canada, vol. 4, 1887, p. 116. — Aoassiz, Mem. Mus. Comp. Zool., vol. 5, 1S77, 
p. 96, pi. 11, figs. 1-7. — Sladen, Challenger Asteroidea, 18S9, pp. 566, 826. — H. L. 
Clark, Bull. Mus. Comp. Zool., vol. 51, 1907, p. 67, pi. 6, fig. 3. 

Asterias janthina Brandt, Prodromus, 1835, p. 69 (Sitka). 

Astcracanthion margaritifer Muller and Troschel, System der Astcriden, 1842, p. 20 
(Sitka ?). 

Asterias conferta Stimpson, Proc. Boston Soc. Nat. Hist., vol. 8, 1862, p. 263 (Puget Sound). — 
Verrill, Trans. Conn. Acad. Sci., vol. 1, 1807, p. 326. — Perrier, R6v. Stell., 1S75, p. 
71. — Sladen, Challenger Asteroidea, 1889, pp. 566, S20. — Bell, Proc. Zool. Soc., 18S1, 
p. 494. — Wihteaves, Trans. Royal Soc. Canada, vol. 4, 18S7, p. 116. — De Loriol, 
M£rn. Soc. Phys. et Hist. Nat. Gen&vc, vol. 32, pt. 2, 1897, p. 171, pi. 3, figs. \~\g. 

Asterias fissispina Stimpson, Proc. Boston Soc. Nat. Hist., vol. 8, 1S62, p. 264 (Shoahvater 
Bay, Wash.). — Verrill, Trans. Conn. Acad. Sci., vol. 1, 1867, p. 326. 

Pfuas/er] ochraccus Verrill, Amer. Journ. Sci., vol. 28, 1909, p. 63. 

Pisaster ochraceus Fisher, Smiths. Misc. Coll. vol. 52, 1908, p. 89. — Verrill, Amer. Nat. 
vol. 43, 1909, pp. 542, 544, 548; Shallow-water Starfishes, 1914, p. 69, pi. 21, figs. 1, 2; 
pi. 49, figs. 3-3 d) pi. 56, figs. 3, 3a. — H. L. Clark, Bull. Amer. Mus. Nat. Hist., vol. 32, 
1913, p. 203 (San Diego). — Fisher, Ann. Mag. Nat. IIist.,ser. 9, vol. 17, 1926, p. 557, 
pi. 19, fig. 1; pi. 20, figs. 1, 2, 4. 
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I'tsaatcr orhraetua var. runUferui Veiuui.l, SliAltow-wnlor Starfi 1 r . I’M I , p 72, fit. 6*i, 
fi^a. 3, 3a (Moi»lrre\ to Sitka). 

/ J |i«<jjifrr| coufrrtus Vkkhu.i., Amor Jouni. Sci., \ul. 2S, tlMV.l, p *>3 

/*ina.if<r omfertus VmtKiLi., Shallow -waU r Starfishe*, 1911, p. 73 pt 3", tv* 1, 2, pi 3.1, 
fiK 2. 

riaaatcr fia.uiptntn Vkhuii.l, Shallow-water SlnrIi*»ln-«, 19.1, p 7<>, pi 3> life 1, 2 

Dtwjnosis. A usually thick-rayed Dismttr with numerous small snboapitate, 
striated nhartinnl spine** arranged in a very irregular reticulate | »u 1 1 < rn on dorsal and 
lateral surface of rny>, or in detached convex groups, < specially on o j|#*r part of ray. 
Actinal spinas longer than tin* nbaetinals, elnvatc, striate, in upward of >ix longitudi- 
nal series. Furcate pedicellariuc with the undivided Imsal portion of jaw ahout 
equal in length to the longer of the two hyaline blades (which has tin* upper edge 
decidedly uneven in most cams), (PI. 71, figs, !, 2.) 

Description . — The species is so variable that a composite description i> impossi- 
ble. There aro three fairly well marked format' whieh freely intergrade Two t » f 
these have been heretofore ranked as species. 

Forma OClIKACKl'S (Hrandt) 

PlMo 73, Figure t; Plate 71, Fin ires 2, 2'f; Plate 75, Figures l-t. 5»i, 56; Pl.it * 75. I'm iros l, 1, 5. 7 >j, 
5'*, fl, GaJ Plate 79, Figure* l, tJ; Plate Si); Plate St, Figure 3; Plate S3. Figure!; PUle s5, Figure l 

This fonn stands between conjertus, with small spinlets, and n >J Jeru-i character- 
i/.ed l>y stout subgloboso abactinal tubercles in more or le>s isolated ouno.x groups or 
heaps. It is assumed to he the typical form, and it was>o regarded by Stimpson when 
ho described conjcrtus as a distinct species. The only specimens of ochnictu* from 
Sitka, the type locality, examined by mo (pi. SI, lig. 3) are referable to this forma. 
Hut Astcrins jnnthina Brandt, also described from Sitka, is almost certainly the com- 
mon purple phase of confertus so conspicuous at Departure Ba> . British Columbia. 

An average specimen from Monterey Bay measures K 110 mm . r 10 nun , breadth 
of ray at base, 10 mm. Specimens reach twice this length of ray; rays may be rela- 
tively broader. Sitka example: K 1 15 nun., r 3t> mm., breadth of ray at base, 13 nun. 

The disk is normally convex or rather high arched owing to the deeply sunken 
actinostome; the rays are arched, normally subcircular in ero«% section; the actinal 
surface, viewed from below, slopes downward to the border of the narrow amlmlar ral 
furrow, which broaden uburptly at base of ray. The ahaetinul skeleton extends low 
on the side of the ray, the superom anginal plates being near the actinal surface and 
separated from the inferoinarginals by a relatively narrow but well-defined channel. 
The entire skeleton is very robust and rigid, the dorsal forming an irregular reticulum 
on either side of the rather irregular earinal series. The skeletal ridges are inad*s 
up of very numerous small irregular plates of a great variety of shape" and "i/.os, 
several layers thick in mature specimens, bound together by extremely tough tissue 
The intervals are sunken, and are siihdmdod by much lower trabeculae not externally 
vuiblo even in dried examples unless treated with caustic potash lb tween the sec- 
ondary trabeculae, delining the actual intervals of the .skeleton, emerge the numerous 
i lusters of papulae, very conspicuous in life. Among these and surrounding them on 
the slopes of the higher ridges are very numerous clusters of eroded and furcate, 
straight pedicellariae, the latter predominating in most ras"- Along the meandering 
53150 .1) \2 
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summit of the higher ridges, above this closely packed mass of papulae and pedicoll- 
ariae, are the stout small spines with subglobose striate ends (pi. 75, figs. 5a) arranged 
usually in single file, sometimes by twos on the carinal series, or forming small groups 
at the nodes. These tubercles are usually nearly uniform but variations occur in 
which there is considerable disparity in size. 

The variations in tho pattern formed by the abactinal spines are as numerous 
as the individuals of the species, typical examples being figured. 

The supermarginal spines are not different from the abactinal though occa- 
sionally a little larger than those directly above them. The plates carry usually one 
spine, sometimes two, especially at nodes. Some variations have a considerable num- 
ber of the plates with two marginal spines, or one accompanied by two smaller spine- 
lets. A few accessory spinlcts appear sometimes on the intermarginal plates. 

Infcromarginal plates with usually two spines in an oblique series, with upward 
of six similar aetinal spines between them and the adambulaeral system. Aetinal 
spines one to a plate. These spines arc longer and more clavate than the abactinal, 
the ornate fluting being interrupted on the outer side for the attachment of a dense 
cluster of crossed pedieellariac. The aetinal armature is dense and efficient. In life 
very long slender pointed papulae extend far beyond the spine tips, to such an extent 
as to nearly hide the armature on the proximal part of the ray. 

Adambulaeral plates inconspicuous, narrow, with a single slender, tapering, blunt, 
terete or flattened spinelet. The spinclets are fairly regular, very closely placed, 
about as long as the inner actinals and they increase in length over the area where the 
furrow is broadened, at base of ray, to decrease again on the long adoral carina. 

The adoral carina along its inner half is narrower than the mouth plates and is 
composed of upward of 10 pairs of plates. It bends downward (as viewed from tho 
oral surface) to the oral angle. (PI. 75, fig. 2.) The very small actinostoine is guarded 
by the stout tapering oral spines, which are stouter than the adjacent adoral spines. 
One or two stand on the free margin and a longer suboral on the middle of the surface. 
(PI. 75, fig. 2; pi. 79, fig. 1.) Less often there are three flattend actinostomial spinules. 
Length and thickness is extremely fariable even in specimens from the same region. 

Crossed pedicellariae (pi. 73, figs. 1, la): Abundant, mixed in varying proportions 
with furcate straight, on abactinal plates and, practically without furcate straight, in 
dense clusters on infcromarginal and aetinal spines. They are smaller than in typical 
nodijerus being 0.27 mm. long but differ in no important details (Sitka, Monterey*). 

Straight pedicellariae: (a) The characteristic Pisaster bifid furcate pedicellariae 
are very numerous abactinally, and sometimes intormarginally. Clusters composed 
almost entirely of them aro found in tho bottom of the hollows among the abactinal 
papulae. Near the bases of the spines they accompany the crossed form. They 
measure 0.27 mm. broad by 0.22 high (Sitka); 0.25 by 0.25 mm; 0.29 bv 0.3 (Monterey) 
(PI. 74, fig. 2; pi. 79, fig. G.) 

( b ) Undifferentiated lanceolate, of very small size (many as small as 0.13 mm. 
long), are scattered over all the papular areas. These are similar to Plate 7G, Figure 
Ga. Clustersof tiny lanceolate pedicellariae surrounding a large one, at t he end of long 
peduncles, are distributed all along the furrow face of the adambulaeral plates — not 
on all the plates, but hero and there. (PI. 7G, figs. G, Ga.) In some dried specimens 
these appear, superficially, to be attached to the furrow spines. In no instance has 
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a pediccllnrin horn found attached to n furrow spine. Tin ( * titra! j « di< rllarin is com- 
monly 1 nun. long and is sometimes more robust than Figure t'*. 

(r On all surfaces of the body but especially nctimdly and intermnrginally arc 
found the heavy, subcorneal, dent it ulato podieellnrine whose exact form is shown on 
Plate 7f>, figures t, 5. Figure** 'A, and 7, although represent irur forma coujertu* are 
also typical of some specimens of ochrnc*us. Tin* largest are found on the nctinnl 
interrndinl angle and eommonh measure 1.5 mm. in length. The abactinal are 
commonly 0.5 to 1 mm. Ion" In some examples without apparent reference to 
locality (Monterey, (Yrseint ('ity, (*alif.) the denticulate pedicellanae are rather 
scarce ahac tin ally. 

Mndreporic body, conspicuous situated about tun -third r fiom center of disk; 
striae line, branched, irregularly centrifugal. 

Color inlijt . There are commonly three principal color pha-cs brown yellowish 
brown to dull sepia); brownish purple to dull purple; rather bright ochraceous yellow. 
The brown phase varies to olive, mottled with dull "lay "rein, and al«o intenrradcs 
through brownish purple with the dull bluish purple phase. Tin* latter is le-^ vivid 
than the color of forma roa/V The yellow phas> is h s N < ommon at Monterey than 
tlie brown and purple-brown. 

Distribution.— 'Phis typically intertidal form has been taken fls deep as AS fathoms 
oil Monterey, Calif. It is the typical form of the open sen coast, from Sitka to Point 
Sal, Calif , where conjertu* appeal's never to occur. It occurs le^s commonly, along 
with conjrrtns, in the protected waters of Puget Sound mu! tributaries and in the 
many quiet bays and inlets opening upon the remarkable channel which separates 
Vancouver Island from the mainland. In these Wald's cobjfrtu* h the dominant form 
but intermediates frequently occur It is absolutely impossible to allocate all speci- 
mens since the differences between the fortune are relative only. 

Iifjnarks. The type of Stimpson’s Astfrias from Shonhvnter Hay, 

Wash., has been carefully examined. The furcate straight pcdicellnriac are typical 
for l*i*a*tcr ochracni*. The specimen w as dried without lirst being preserved in alco- 
hol so that t ho rays have become unnaturally flattened and the spinebearing ridges 
of the abactinal skeleton appear to outline rather large areas But in /\ vchnm 
there is wide variation in this respect. The xentrnl spines hn\e a deepgrooxe on the 
outer side. Some of these and some of the dorsolaterals are slightly bifid or mal- 
formed at the tip, not an uncommon occurrence in old animals There are no ground** 
for regarding this other than ns an individual variant of ochranu s one reason per- 
haps that no other specimens have been found fFor figure** sec Vrrrill, pi IVA ) 

Dr. A. Djnkonov, of the museum of the Academy of Scicm » **. I’ II > S .kindly 
undertook to find the [\ pe of Brandt’s .W/twin oc/.nicm Tliis involved reviewing 
all the specimens of I'inashr in the museum Doctor Djnkonox writ*** that the nil 
type is not in existence There are Several specimens collected by Wosnessen-ki, 
including two resembling undjtnif from ('nlifnmin, 1M1; and three of forma 
ochnicftts, wit limit locality. There are aNn two specimens well presfr\ed in alcohol 
of a variety near labeled by Brandt ‘'.b^n^o a-u i/iiK/ 7# ra Silehn 

There is no type existing of .Mr jonth\un Brandt 


li»S 


BULLETIN 70, UNITED STATES NATIONAL MUSEUM 


Forma CONFERTUS (Stimpson' 

Plate 73, Figure 2; Plate 74, Figures 1, la, lb; Plate 75, Figure 5; Plate 7G, Figures 2, 3, 7; Plate SI, 
Figures 1, 2; Plate S2, Figures 2, 3, 4; Plate 86, Figures 2, 4, 7 

zlstmas confcrta Stimpson. 

disaster confcrtus Vekrill. 

Pisastcr ochraceus forma confertus Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. 17, 1926, p. 559, 
pi. 20, fig. 1. 

The type of Stimpson f s Asterias conferta was taken at Simeahmoo, Puget Sound, 
]) V Dr. C. B. Kennerly (No. 1275 U. S. Nat. Mus.). 1 have examined it several times 
and it is figured by Verrill. (1914, pi. 38.) A number of my specimens from near 
Tacoma, Wash., practically duplicate the type, but others from Departure Bay, 
Union Bay (Bayne Sound), and Boundary Bay, British Columbia, have the char- 
acteristics of the variety in an accentuated form. In these the small dorsal spinules 
are much more numerous and are three or four, sometimes upward of seven or eight, 
to a plate along the carinal series and on the stellate apical system of the disk. (PI. 
81, fig. 1; pi. 82, fig. 2.) 

Confertus intergrades with ochraceus (Departure Bay, British Columbia, the 
sounds of Washington) and it also develops aeervate varieties less distinct but parallel 
to nodiferus , (PL 82, fig. 3.) 

In forma confertus the abaetinal spinelets are smaller and frequently more numer- 
ous than in ochraceus (pi. 75, fig. 5), the majority only 0.8 or 0.9 mm. long and rela- 
tively slender. Some specimens (as those from Departure Bay and Boundary Bay, 
British Columbia, pi. 81, fig. 1 ; pi. 82, fig. 2) carry three to eight spinelets on most of 
the carinal and primary apical plates. Other specimens have the spinelets in single 
file, or with the slight irregularity in number normal to ochraceus. (PI. S2, fig. 4.) 
The supermarginal plates usually carry three or four spinelets giving the armature 
a different and more crowded appearance than that of ochraceus. In some cases the 
actinal spines are slightly slenderer than those of ochraceus; in others there is no 
difference, and I am unable to find any constant actinal features by which confertus 
can be distinguished from ochraceus. 

Crossed pedicellariae (pi. 73, fig. 2): These are similar in size, form, and distribu- 
tion to those of ochraceus. 

Straight pedicellariae: (a) The furcate pedicellariae are very numerous but 
appear to be exactly the same as those of ochraceus. That shown on Plate 74, Figure 
la, is intermediate between the furcate and the ordinary broadly lanceolate, undif- 
ferentiated type. The larger measure 0.28 by 0.2S nun. 

( b ) The undifferentiated lanceolate pedicellariae are very numerous, rather 
more so than in ochraceus , especially abaetinally. 

(c) The denticulate pedicellariae are similar to those of ochraceus but often more 
conspicuous owing to the smallness of the spines. They are usually more numerous, 
but there is no constant difference in form. Especially large ones (1 to 1.5 mm. long) 
me found on the actinal interradial angle, and along the intermarginal channel. (PI. 
76, figs, 2, 3, 7.) 

As in ochraceus , both thicker and slenderer rayed specimens occur. At Depar- 
ture Bay, British Columbia, where the form is very common, mature examples range 
from 100 to 170 nun. major radius. Larger examples of course occur in favorable 
situations. 


wrr.icomcv ok south pa< mr ami \i>ja< i:nt \vatei:> iniui K»P 


( olor i n lift The prex alent mlor at I )c|mrtmc Bin , British ( 'nhimhia. is p irj b 
I’ll nmil\ /.< < ns follows : The small spines, whitish ; adjacent ruIN of small enw ed • n< 1 
furcate pedirellar itn v rich aster purple or pansy purple, this area \s idening as tip* \ mil t 
papulae are cont meted. When the papulae are fully extended the animal is blue ; 
when contracted, the aster purple predominates This color extends to edge of fn - 
row Tube feet, pale yellow. 

Another less common phase \ maroons rufous, reticulated lighter along B e 
spmiferniis ridges, paler helow. Sometimes varied with orange rufous. 

Another less common phase madder hrown, papulae \ cry dark maroon, the 
color extending to furrow; tul*o foot, pale \ellow 

Specimens from Cnion Bax, Bax no Sound, British Columbia, are labeled “bluish 
purple/* 

A specimen from Boundary Bay, British Columbia, intermediate between tie 
specimen figured (pi. SI, lit:. 1) and the Sitknn example of o cftnictvK (pi. si, |ig 
x\ as pansy violet with white spines (T\ W. Weymouth). 

Distribution. In the list of localities it will he seen that this form is practically 
confined to the quiet hays and sounds of Washington, British Columbia, and southern 
Alaska. It is difficult to escape the inference that the characteristic small spinelets 
of the ahactimd area are correlated with quiet water, hut that this is not the onlx 
factor is evidenced by the presence, along with ennferh/s, of forma nchran /*? and 
oodifents, the latter found on open coasts and also in deep xvater (Monterey Bax 
There is nothing approaching a sharp line of distinction between ocfmtcai< and 
con fertile. 

Type of fnnrw canfertus . — Cat No, 1 - 7 A , C.S.X.M , Puget Sound (Simeahmoo , 
Wash. 

lor mu NonimtlS Xcrrll! 

Plan 7.1 Kiuun s 3, 7; Hate 7o, Kinure 5*; Plate s2, Figure 1; Plate sC», Fig ires 1. 3, *», ♦», s ♦> 

Pistitbr ochracru* var. utuhfrruf V i uiou, P.M t. p. 72, pi All. tic-. 3. 3n. 

PtmnUr nehmetu* forma ttothftrus Fism.it, Ann. Mag. Nat. Hist., ser. *i. v .1 17. ItOrt. p ,V» » 

Ahactimd spines stout, globose, or depressed-globose, finely striated, larger than 
m forma ochrnceus (pi. 7. r », figr. ,V) and congregated in well separated convex group* 
or heaps, three or fotir to a dozen unequal or subequal tubercles to n group. In the 
e< nter of the disk there is usually a w ell defined stellate palisade of spines stirmun ling 
a central group of tubercles and from t ho points of the star a carinnl series of tubercles 
often extends half the length of the ray hut as often is entirely absent, or represented 
hero and there by unequal tubercles. The spaces between the groups of tubercles 
are usually entirely free from spines, or in intermediate forms have more or less reticu- 
lation at base of ray and more complete isolation and prominence of the groups distallv. 

The actinal surface is similar to that of forma orhnicrus. 

Crossed pedieellarine (pi. 73, lig. 3) are similar in form to those of orArtv/v 
proper hut a little larger. Forma tuxli ferns, Monterey, 0 30 to 0.30 mm.; Tonga*-*. 
Alaska, 0.31 mill. Fomin ochr<ieen* t Monterey to Sitka 0 -7 mm. (some ns small 
as O.’JA mm ). 

Straight pedirollnrinc : u. The furcate type resemble those of ochntcais and \ar\ 
somewhat in ahundanee. On a specimen (No. 1M-I0) from Puget Snind, near 
Taconin, they are nim h more abundant than the < mssed ; Tongas-, Alaska, less 
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abundant; Sausalito and Monterey, Calif., much less abundant. In this form there 
is a tendency to lose the furcate pedicellariae with decrease in latitude. 

b. The lanceolate form appears to be about as numerous as in ochraceus . 

c. The large denticulate pedicellariae are very numerous in the northern exam- 
ples, less numerous in the southern. They are rather variable in form; some of the 
proximal intermarginals develop 8 to 10 teeth whereas the usual number is 4 to 6. 

Color of forma nodiferus follows closely that of ochraceus . A number of speci- 
mens from Monterey Bay were colored: Ground tint grayish olive to tea green and 
light artemisia green, with large patches of rich olive brown, raw umber, and Van 
Dyke brown. 

Distribution of forma nodiferus . — Southern Alaska to northern Lower California 
(south of Point Conception as a prevalent form of subspecies segnis). 

Type locality of Disaster ochraceus. — Sitka, Alaska. 

Distribution .of Pisaster ochraceus. — Southern Alaska to Point Conception, Calif. 

Specimens examined . — One hundred and seventeen in addition to many hundreds 
from Monterey, and very numerous living examples at Departure Bay, British 
Columbia. 

Specimens of Pisaster ochraceus examined 


Locality 

f. OC/l- 

raceus \ 

f. con- f. nodi- 
fertus ferns 

Remarks 

Sitka, Alaska. 

3 



Kevillagigcdo Island, Alaska 

1 

| 1 

Ward Cove; T. 11. Streets. 

Lucia Island, Alaska 


2 1 

~ -1 

Near ochraceus; Albatross, 1894 
Nichols. 

Tongnss, Alaska 



1 

Naha Bav, Alaska 


3 

1 intermediate; Albatross, 1905. 

Stanford Coll.; 1 aberrant, F. W. Weymouth, W. 
F. Thompson. 

Boundary Bav, British Columbia 



3 

Union Bay, Bayne Sound, British Columbia 


3 

Tavlor Bay, Gabriola Inlet, British Columbia 

3 

3 

1 intermediate. 

Departure Bay (Nanaimo), British Columbia. 1 * * 

4 

24 17 

U.S.N.M. Coll.; Stanford Coll; Cal. Aoad. Sci. 




Coll.; W. K. Fisher, W. F. Thompson; Albatross. 

Port Renfrew, Straits Fuca, British Columbia 

1 


Stanford Coll., J. C. Brown. 

Barclay Sound, Vancouver Island 

4 

1 

Alhatross. 

Port Ludlow, Wash 


1 

S. Bailey. 

Cal. Acad. Sci. Coll., Ida S. Oldroyd; confertus 
coarse spined, near ochraceus. 

Orcas, San Juan Islaods, Wash. 5 

2 

5 3 




Friday Tlarbor, San Juan Islands, Wash 


5 

Cal. Acad. Sci. Coll., Ida S. Oldroyd; rather coarse 
spines. 

Dr. C. B. Kennerly. 

Frank Russell, Chas. M. Drake, F. W. Weymouth 
Dr. J. Q. Cooper, type of fissispinus. 

Stanford Coll., J. 0. Snyder. 

Stanford Coll., F. W. Weymouth. 

Chas. 1ST. Drake. 

Puget Sound (Slmcahmoo) 

1 

5 1 1 

Puget Sound (near Tacoma) 


5 2 

Shoal water Bav, Wash ... 

1 


Crescent Citv, Cal.f 

5 


Trinidad, Calif 

4 


Humboldt Bay, Calif _ 

1 


Drake's Bay, Calif 

2 


Alhatross. 

Saa Francisco Bav, Calif. 

4 

1 

Dr John Hornuug. 
Albatross; seine. 

C. IT. Townsend. 

A. Forrcr. 

Hopkins Marine Statioo. 

San Fraaciseo Bay (Sausalito) 




- I 

Farallonc Islands, Calif 

3 


Santa Cruz, Calif 

3 


Monterey Bay (vicinity Point Pinos) 

1 Mauy. 



Many. 

Monterey Bay, station 3131 

1 


4 miles north of New Monterey, 48 fathoms, rocks; 

iaterrnediate with nodiferus. 

Carl Iluhbs. 

Point Sal, Calif 

2 




1 At Departure Bay, where tbe Canadian Biological Laboratory is situated, the commonest forma is confertus. There ara 
f wer, coarser spined specimens indistinguishable from ochraceus, and others, in which the spines form very prominent groups 
od the outer part of the ray, near nodiferus. of the young examined are referable to nodiferus; 5 others arc iaterrnediate between 

nodiferus and confertus. 

1 The specimens from Orcas are difficult to classify by formac; with the exception of the acervatc forma they are usually neither 

clearly confertus nor typical ochraceus. 

• The type of confertus. 
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»ms\.stku oeiiu \c'K» s sr.c;\is ruiwr 
rial** 73, Fitfuns t, S; Hint** 7.7, Figure t’»; Pl.it*- si 

I'maMer itrhraecu.n «^nu Fiauint, Ann. Mag Nut. I tint ter U, m»I 17, HW, p# .W>. [»I -0, 
HR- 

diagnosis. — Differing from typical ochraceus in having relatively few Ornate 
straight pedieellnrine and conspicuously larger crossed pedieellnrine. Typo, K 1 13 
mm , r 44 mm.; f. nodiferus (Vonioo, Calif.) H. 11? 1 mm., r 3.7 mm 

Inscription. — This is tho southern California represrntntri o of }* it Dr 
or h race us and it parallels exact ly disaster giganttu* Ciipitntn*, which also Inis larger 
crossed pedieellnrine and much fewer furcate podicellaiiae than its mu thorn relative 

Both forma ochrarrus and nodi ft rus extend continuously to southern California, 
the latter apparently predominating at Lacuna Beach, Orange (’minty Th* 1 differ- 
ences enumerated in tlu* diagnosis apply to both fonnae. 

The type of srgnis corresponds to forma ochnirnt* hut there is a tendency toward 
nod if t rus in the arrangement of spines on the outer half of the ray. Kxaetly eom- 
parahle specimens are common at Monterey. In general appearance there are no 
distinguishing features, until the small pedieellnrine are closely scrutinized, when the 
scarcity of the furcate sort, so numerous in northern specimens, becomes apparent. 
The dentate stone-hammer pedieellnrine are not very large, nor very numerous except 
proximally in the interradial channel. There are five or six netinal spines in a trans- 
\ erse s< ries, in addition to the two infcromnrginals. 

All of the seven specimens from Lacuna Beach arc well developed forma nod ft ru< 
or perhaps more properly speaking the southern suhforma of this. These specimens 
hn\ e large subglobnlnr spines (pi. 7f>, fig. fi) in very coin ex groups, with wide generally 
spinel* -n intervals between. Superficially there is little to distinguish them from the 
Tongms specimen of nodiferus which has unusually heavy tubercles These .southern 
hod [ft ru < have heavier tubercles than Monterey specimens of forma nod j mu. They 
correspond to the heavier spinod form of I*i<tistcr gignnU u< oipdibi* These dried 
specimens from Laguna Bench, as well as a similar one from Venice, C'alif., lone 
smaller clusters of “minor" pedieellnrine than compnrable examples from Monterey 
to Alaska, since in southern specimens the furente pedieellnrine, <o important in 
northern examples, arc rather scarce. On this account the spaces between the 
groups of spines appear less well armed, although the indi\idun! crowed pedicell.iriae 
are larger. This fenture will distinguish the southern specimens from the Toiicuss 
example ipl. fig. 1) which was unusually heavy tubercles The stone-hammer 
pedieellnrine are stouter than in the type specimen; about as in IMate 7i», Figures A, .V>; 
occasionally e\ cn a little broader. Small, undilTerentiated lanceolate pedieellnrine 
art* scan e. 

( Yossed pedieellnrine: As in typical ochnict us then 1 is a dilfereme in m/.c m the 
two forma**. Type, length of well-de\ eloped ped 0 3.7 to ti 3b mm ; * ix/i’/Vra % Laguna 
Bench, 0.30 to 0.41 mm. (IM. 73, fig. 4; compare with fig. 3, Tongas, Alaska, t >- 
dljtru * } Comparable specimens of forma bolt nice wt Monterey t*> Stka, 0.37to0 27 
mm ; forma nod Jrrui t 0.30 to 0.3(7 mm. 

Furcate straight pedieellnrine (pi. 73, figs s, s ( /) have a diameter of about 0 Js 
or 0 20 mm. The form of the blade (type specimen) is rather nearer that of northern 
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nodi/crus than northern ochraccus. The undivided basal part of each jaw is relatively 
high, as in the northern race. Figure 7, same plate, is a blade from a specimen of 
forma nodi/crus , Monterey. In segnls the upper edge of jaw blade varies in minor 
details, as evidenced by the two specimens figured. 

Type.—Xo. E 123S, U.S.N.M. 

Type locality . — Sixteen miles south of international boundary, Lower California. 

Distribution. — From type locality to Santa Barbara, Calif., intergrading nortli 
of this point with typical ochraceus. 

Specimens examined. — Fifteen. 

Laguna Beach, Orange County, Calif., seven, forma nodiferus. Prof. W. A. 
Hilton. 

Venice, Los Angeles County, Calif., one, forma ochraceus , one forma nodiferus. 
Prof. A. B. Ulrcv. 

Lower California, 16 miles south of international boundary, six forma ochraccus 
and ochraceus-nodifcrus. E. F. Ricketts. 

Remarks. — It is interesing to note that in the southern extension of their ranges 
both ochraccus and gigantcus run to heavier spines, larger and often fewer crossed 
pedicellariae, and much fewer furcate pcdicellariae. 

Mr. Paul 0. Greeley observed that on the ocean side of the Government break- 
water at San Pedro, Calif., segnis predominated to the extent of about SO per cent 
while on the harbor side P. giganteus capitatus was the more abundant, there being 
only 1 or 2 segnis to 50 capitatus (November, 1925). 

PISASTER GIGANTEUS (Slimpson) 

Plate 73, Figures 5, 5a, 56; Plate 74, Figures 3, 3a-3c; Plate 77, Figures 1, 2, 2a, 26, 3, 3a-3c, 5, 6, 

6a-Gd, 7, 7a; Plate 7S, Figures 5, 5a, 56; Plate S3, Figure 2; Plate 85, Figure 2; Plate S6, Figure 

1 1 ; Plate 87 

Asterias gigantea Stimpson, Boston Journ. Nat. Hist., vol. 0, 1S57, p. 528, pi. 23, figs. 4, 5, 0 
(Tomales Bay, Calif.). — Verrill, Trans. Conn. Acad., vol. 1, 1867, p. 327. 

Asterias lutkenii Stimpson, Proe. Boston Soc. Nat. Hist., vol. 8, 1862, p. 265 (California or 
Oregon). — Verrill, 1S67, p. 32.-— Perrier, R<5v. StelL, 1S75, p. 70. — Bell, Proe. Zool. 
Soe., London, 1 SSI , p. 495. — Sladen, Challenger Asteroidea,- 18S9, pp. 566, S24. — De 
Loriol, Mfon. soe. phys. et hist. nat. Geneve, vol. 32, 1897, p. 15, pi. 2 [17], figs. 1-16 
(Vancouver Island). 

Asterias exquisita ue Loriol, Reeucil Zool. Suisse, vol. 4, 1887, p. 403, pi. IS, fig. 2 (young 
specimen, Santa Cruz, Calif.). 

Calliastcrias exquisita Fewkes, Zoological Excursions. 1. New Invertebrata from the Coast 
of California, Bull. Essex Inst., vol. 21, 18S9, p. 33. 

Ph'sasfer] lutkenii Verrill, Amer. Journ. Sei., vol. 2S, 1909, p. 63; Amer. Nat., vol. 43, 
1909, p. 543. 

Pisasier lutkenii Fisiier, Smithsonian Mise. Coll., vol. 52, 1908, p. 89. — Verrill, Shallow- 
water Starfishes, 1914, p. 83, pi. 40, figs. 1, 2. 

Pisaster lutkenii var. australis Verrill, Shallow-water Starfishes, 1914, p. 88 (off Pacific 
Grove, Calif., not San Diego). 

P[isastcr\ giganteus Verrill, Amer. Journ. Sci., vol. 2S, 1909, p. 63. 

Pisaster giganteus Verrill, Amer. Nat., vol. 43, 1909, p. 545; Shallow-water Starfishes, 1914, 
p. 89, pi. 37, figs. 1, 2. — Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. 17, 1926, p. 561, 
pi. 19, figs. 2, 2a, 26; pi. 21, figs. 1, 2. 
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Dlmjt ovi‘* Kn\ s ii vo or six, M/.e sometimes \er\ large with K o\«*r .Vmi mm. 
A typical r ^t\trr, differing from ochntn /* m having N* - n hiutimiv and longer, 
solitary, terminally swollen, submnie lo sultt'lohnse ronrstdv striabd spun , rather 
uniformly spaced over the nliaciinnl s irfnee, nev t*r m r!«»-c innht <1 lines forming a 
root iculntt* pattern, m»r in ntt*r\nlt* he.*ps; has,* of spine ^mounded bv a /tun* of 
bare skin, blue in life, fringed by numerous • nosetl mid fun ate p< diet Marine; stone- 
hammer-shaped, large pedicellarine abundant to scan e Tin* riant tv pc* measures |{ 
about 30-1 mm., r Tit mm., l\ I 1 r. A chanieteristie mtertidul e\an pit* from Mon- 
terey measures Iv 123 mm , r 30 mm., K I 1 r: breadth of ray at bast , 31 to T3 mm. 
Disk rather high; ray. suhev limlrieal in seetion, shghth lint t« m d a< finally. and t npable 
of slight inllation at base. 

Description. The nbaetinnl spines are numerous, solitary, sparetl, with swollen 
coarsely striated or furrowed, subcorneal or acorn-shaped nuk Id. 77, iig**. 2, 3.) 
Knell stands on a prominence of its plate, in tin* middle <>f a subcircular di-k of hart* 
integument (blue in life) which is fringed with a usually thick cordon of crossed and 
furcate pcdicellariao. This blue sheath can ris<* nearly to the end of the spines, 
which are white, or can be retracted to their bases. The spines do not typically form 
either transverse or lomrisories but stand irregularly. In some examples the carinal 
series can he traced with ease. One can count n<to-> the ray at base 1(1 to 13 spines 
in a zigzag way (or upward of 23 in big specimens). Small examples are found, 
however, with only about live irregular longisrries and these an* easily mistaken for 
capitatu*. 

There are really two extremes of formae with even more numerous intorgrades. 
One has heavier, more widely spaced, less numerous almetinal spines. f|»). S7 , fig. 2 ) 
The spines are usually more obtuse or subglobose terminally and it is this type 
which sometimes predominates in enpitatu *•*, at the smith. The other, or typical 
form (pi. S7, fig. 1; pi. S3, fig. 2) has numerous slenderer spines with more elongate, 
swollen tips, arorn-shape, siibglohose, obtuse, eonienl or even suheylindrieal. Theii 
coarse longitudinal furrows give them the appearance of tiny drills, and they vary 
widely in form even in the same ray. 

The spaces between the collars of pedicellnriae are tilled with the clusters of deli- 
cate papulae which, when expanded, arise from swellings of thin internment above 
the skeletal intervals. On the actimd surface the papulae are long and (ill the Spaces 
between the spines. The bases of the papulae are armed with very tiny lanceolate 
straight pedicellnriae. (1M. 77, fig. 3.) 

Supcrornargiunl series situated low on side of rav, often irregular proximallv. 
The spines, one to a j)late, are very similar to the superndjacont nhnrtinnls, Inter- 
mnrginnl channel well-marked. 

Inferomarginal spines two to a plate (oeensionally three in lug .specimens), 
elavnte, longitudinally stnate, the tip .sometimes obliquely beveled, or near the base 
of ray, irregularly eroded, silicate, nr pitted. Most of the spines, ns well as the similar 
netinnls, may have a sub Us on the external side, hut this i< sometimes lacking. 
(IM. 77, lig 1.) 

Actimd spine* normally one to a plait*, similar to the inferomarginnls, hut those 
of the adjacent row often n little thicker and longer; those of the innermost row gener- 
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ally slenderer. The spines are longitudinally channeled or striated, the furrows 
varying in depth. They arc less evident in tho type than in some large examples 
from Monterey. There are ordinarily three or four longiscries of actinal spines in 
tho common medium-sized examples found in tide pools. Two specimens of the 
heavier-spinod form with R 55 and SO mm. have two scries. A large specimen of 
the typical form from Monterey (R 215 mm.) has tlirce, while one with R only 120 mm. 
has four. The type (Tomalcs Bay) has six actinal spines in a transverse series on the 
broadest part of ray and four at tho middle. These actinals are clavate with usually 
a sulcus on tho external face. Vcrrill (1914, p. S7) mentions a specimen of “lutkenii” 
from off Monterey having R 2S4 mm., in which 

The proximal infcromargiiml and most of the actinal plates bear two, three, or even more, stout, 
often divergent spines, so that one ean count eight to ten of these spines on each irregular trans- 
verse series. But one ray (doubtless a reproduced one) is only about two-thirds as long as the rest, 
though nearly as stout; on this the ventral spines form only four or live rows, though similar in 
size. On the distal half of all the rays the ventral rows decrease to about four to six. the plates 
bearing only two spines, or but one. 

Adainbulaeral spines, similar to those of ochrciceus , in a single close series. In 
the typical form the spines arc slender, very slightly flattened and tapered, or mixed 
tapered and nntapered, round-tipped (blunt) with or without a depression at the 
tip suggesting an incipient groove. In the larger-spined form the spines arc more 
evidently flattened with a slight groove on the outer side toward the tip. On the 
narrow adorul carina the spines usually lengthen, become slenderer, and near the 
mouth plates stand single file. On the ray the adainbulaeral spines stand very close 
to the inner series of actinals, to which they arc about equal in length. 

The mouth plates have the usual Pisaster armature of a longer, usually tapering, 
subacute, blunt, or subtruncatc actinostomial spine, with a very short lateral com- 
panion; and a prominent, tapered suboral, somewhat stouter than the innermost 
adambulacrals. The Monterey specimens present numerous variations in the rela- 
tive size and shape of the spines. 

Madreporic body large, exposed, situated less than one-half r from center of 
disk; striae fine, irregular. 

Crossed pcdicollariae (pi. 73, figs. 5, 5a) are smaller than those of capitatus and 
typically more numerous. The majority occur in the circumspinal wreaths of the 
abactinal and inferomarginal spines and in the external clusters of the inferomarginals 
and actinals, but occasionally small clusters of them are found between tho dorsal 
spines, though not so commonly as in ochraccus. The pedicellariae of both large 
and medium-sized specimens from Monterey Bay measure 0.27 to 0.31 mm. in length, 
while those of the type (which is very large) vary from 0.27 to 0.34 mm., with a few 
as large as 0.4 nun. 

Straight pedicellariae: (a) Very small broadly lanceolate pedicellariae (pi. 73, 
fig. 5b) about 0.15 mm. long arc abundant on the thin integument of the papular 
swellings and on tho bases of the papulae themselves. Similar ones form conspicuous 
pedunculate clusters or festoons hero and there along the furrow face of the adam- 
bulacrals, usually at the base of a conspicuous, often quite large, toothed pedicellaria. 
The small ones are 0.15 to 0.2 mm. long and the large one about 1.5 mm., sometimes 
smaller or larger. 
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(b) The bilnminnto furcate pedieellariae (pi. 71, figs A, 3#i dr; niv abundant 
nhnctinally, brigaded with tho crossed. They arc not so plentiful on the aetinal 
spines. An average one measures D21 mm. broad by u2 high They arc smaller 
than those of ochructus ami differ in form. 

(c) Tho stone-hammor-shnped denticulate pedieellariae an* very variable in *n/e 
ami shape, ami an* similar to those of cajntntu*. (PI 77, Jigs G, i»#i iW/i They arc 
sometimes abundant ahactinnlly , l>iit again may bo practically absent, except from 
tho proximal part of tho intermargimd ohaiinol ami among tho artinal opines The 
largest (1.0 mm. long) are found in tho artinal intorradial channel. The jaw Minis 
from broadly lanceolate to broadly oval and tho numbor of troth from four to « itrh » 
This typo of podioollariii appears to bo too variable to be of u-r in diMingui I u g 
speeios although there are iirtnuj*' differences. 

Color in life: Abaetinal spinet white, surrounded by a eon**pi< uou> /«m<- of 
bright to dull blue integument; General tint brown, tho papular areas raw >imna 
aetinal surface including infcrnmarginal spines, yellowish white with pale grayish 
preen papulae; tube feet Capucine hull'. Young specimen: (iem-ra) tint cinnamon, 
with spots of reddish brown between the collars of prdierllariae; spines pale pink, 
violet, am) blue; zone of blue skin surrounding spine pale blue. Another variety, 
tawny oli\e mottled with snnIF brown or sepia. 

r«irni/m«*r The type specimen has six rny.s and was dried without lirst being 
hardened so that the abaetinal surface has collapsed. It is a veritable giant, the 
radii being 301 and 73 mm. The abaetinal spines are very numerous, fairlv ei|ui- 
distantly spaced, and the swollen end is elongate, tapered and slightly swollen at the 
rounded tip. (H 77, lips, 2, 2<i, *11.) The large deiiticidatc “stone-hammer 
pedieellariae are very numerous abaetinnlly and are exactly like those of Monterey 
specimens. As mentioned above, there are six aetinal plus two inferomarginal spine^ 
in a transverse series on the broadest part of the ray ; on the middle -1 , 2; one <eri« ^ 
of aetinals reaches to within two or three inferomaiginnl pint's of the terminal shield 
Tho inferornargimiLs carry two spines throughout the series 

At Monterey giant specimens of both the slenderer and heaver spjned fniieac 
occur, usually olFshore or on the piles of wharves They have never been taken in 
tide pools. Occasionally a G-ray'ed specimen is met with. In the giant spec jinn's 
of the heavier-spined form, the abaetinal spines are rather more vvidelv spaced. are 
sometimes <piite unequal, and tho end is more suhglnbose than conical. Scarceh 
two examples of these “overfed “ indiv iduals are alike Yerrill has noted a ^pe< inn n 
with an extraordinary development of aetinal spines (101 1. p s7 » 

Tho medium-si/.ed specimens occasionally found in tide pools at Monti rey Hay 
are also very variable in respect to the >i/.e, shape. and spacing of the spines and in 
the number of “stone-hummer M pedieellariae present, ns indicated in the description 
It is probable that the form with fewer, heavier spines lias become dominant in the 
southern part of California; or conversely, vvhnt is known a* tin* race r«i/» i /> 1 a* 
developed from this sparsely spined forma of us 

Two specimens rather below medium size, from 4s fathom**. off Monterey ^ta* 
tion 3131), vary nearly ns widely in respe< t to n>hi stness of spin, s as do ordinary 
intertidal examples Both have very numerous “Monc-hamuit r (f pedieellariae 
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Veri-ill (1914, p. 88) introduces a new variety from San Diego— Phaser lutkenii 
\ a r. an strath. The description does not state the differences which separate the 
variety from typical lutkenii (that is, giganteus) but simply lists the characters of a 
large specimen supposed to have been collected by Dr. Edward Palmer. This speci- 
men, which I have examined, bears the number 4029 and also a very small label 
pasted on, with “ \Y. R. Coe, 1901.” Doctor Coe tolls me that he believes this 
specimen to be one of several large ones which he collected at Pacific Grove, Mon- 
terey Bay, in 1901. The loose label with “San Diego, Dr. Edward Palmer” by an 
unfortunate circumstance became associated with this Monterey specimen. The 
type of var. australis is therefore from Monterey Bay and represents simply an 
individual variant. 

Young. — Small specimens resemble capitatm in having few, relatively large, 
abactinul spines. A specimen with R 27 mm. has a zigzag longiseries of dorsolateral 
spines and a very irregular series of carinals. The stone-hammer pedicellariae are 
numerous and thicker than the spine-tips in most eases. (PI. SO, fig. 11.) The 
superomarginal plates have a conspicuous area of hyaline bosses. Crossed and 
furcate pedicellariae, numerous. Monterey. 

Anatomical notes. — The skeleton is essentially like that of ochraeeus , a very irreg- 
ular reticulum of higher spiniferous ridges inclosing spaces subdivided by lower, spine- 
less trabeculae into the irregularly circular or oval papular areas (skeletal intervals). 
The vertical intermarginal pillars between the supero and infero marginal plates 
appear to he like those of ochraeeus. These increase in size with age. At first, in 
young specimens, there is simply a single ossicle tying the supero and infero marginal 
plates. Secondary marginal and actinal plates develop with growth. As the animal 
grows older the general skeleton is strengthened by the addition of elongate ossicles on 
the coelomic surface, especially in the form of buttresses on the sides of the ray, and 
across the actinal area, between the supero marginals and low’er end of the ambulacral 
plates. These actinal buttresses, composed of numerous small ossicles, separate a 
series of rather deep pits all along the ray, at the outer end of the ambulacral plates. 
The older the specimen the deeper the pits. Through these extensions of the coelom 
the fluid of the body cavity reaches the extensive system of actinal papulae. 

The ambulacral ossicles are very compressed and thin. The furrow broadens at. 
the base to narrow’ quickly tow’ard the small actinostome. At the widest part there 
are eight longiseries of tube feet in well-developed specimens. 

The actinostome is only about one-fourth r in diameter and is characteristically 
sunken so that it lies close to the abactinul body w r all. The animal everts its stomach 
when eating. It is the large very numerous and powerful proximal tube feet which 
open mussel shells, or lift barnacles and limpets from rocks. The long adorn) carina 
is much narrower at the inner end than the oral plates. Occasionally plates of one 
side of carina arc overdeveloped so that the median suture lies on the side of the 
carina, or follows a rather sinuous course. 

Type. — No. 1283, U.S.X.M. 

Type locality. — Toinales Bay, Calif.; Mr. Samuels. 

Distribution. — Southern part of Vancouver Island to Monterey Bay, intergrad- 
ing to the south with P. giganteus capitatm . Low’ tide to 48 fathoms (Monterey Bay). 

Specimens examined. — Very numerous examples from Monterey Bay, Calif. 
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Si at ion ;$ Id 1 1 Moult rev Ihi \ , l idif , m M* 11 ' do" N , I J 1 3 /» T 1 o" W . Is fat Ii* »i u ^ 

mini, rocks, (wo specimens 

Tho t\ po of . HOrbjs lutktm*, “ ( 'aliforniii or Oivmm 

The t\pe of .1 <tfriu* gigantea. 

Remark*. This species is wn il l n«* t from holli o rhrncfux ami brt i*j> /■ /^ 
and ran bo recognized by its usually brown or purplish. brow n color ami evenly diMri- 
lmted, whitish, dorsal spines surrounded bv a zone of blue "kin, often very vivid m 
luster. 

It i> regrettable that the name giganttus falls to this beautiful "pecics b\ the 
fortunes of nomenclature, since the common tide-po d form is bv no means peantn 
for tho mentis In favorable localities, however, the specie" does re irh a larpo size, ns 
evidenced by the type with K !>MI mm., and by "pet imens taught nlNhore in 
Monterey Hay 

1 have not examined specimens from north of California unb"s the type of 
I itkfnii is from Oregon. Ycrrill records a specimen from Vancouver Island (Canadian 
(ieolo' r ical Sunev and de Loriol one from Saanich Inlet, mirth of Victoria on the 
e.»s( side of Vancouver Island. 1 )e bonol's lipuro * 7 shows a specimen with v erv 
small, tapered, usually not capitate "pines, with occasionally two or throe on the 
dursolntcrial plates and usually two nr three on the carimiU. This specimen may 
represent a forma comparable to co nf*rtn< in och raven s\ It certainly is not typical 
f ; ganteus. 

cis \si i:u *.u; \\i m s nm mis sumjwnt 

Plate 7.1. Figures »*, Ihi; Plate 77, Figuri -» I. I*i; Plan* s*. Figure 3; Plan* sS 

.1 »Vr.(|i n itllti i Stimcsos, Proc Ho toil Si>c. Nut. lll"t , \ >1 s , IsjVJ, p *2Ul \ I KKl i i 

Trans (Von A»:id Sri., \ol 1. l s ««7, p. 3-7 Piiuma, K<\ . I, l v '7,’i. p. 71 
St. uh \\ ('1 nil. r p r A tcruitVn, j>. ACt’i. sjn 

r] n; ifunm \ c.iom.i., Alte r. Journ. Sri., v « *1 ‘- s PhVi, p C.3 
/Vo»^r aipi'atus C. K. March, First Animal H» | * r! of Ijuuu a Msit.it r\ PH- 

p so \ * uuti.r, SlmlK w -w ater Mnrtislu «. 11)1 1, p s I, pi. r»t», Uc 11 l.pl .VV I’c I 
/‘i .*n,iffr p t/flt Vim cajittnt m Fisitrn, \ t n Man N n * 11 l . *r 0, \* 1 17 F*-ii, p .Vi J 

IRagnoai*. Pilfering fnun /'im/M/t g*gati(< u* in ha\iim t\ pic all\ bwer and 
p nerallv stouter abactinal spines, bilker crowed pt dicelhii iae, and ven few fun ate 
bilamiuato straight pedicellariae Ka\ s live, rnrelv "i\. K 100 mm, r .*>2 mm .m\- 
in Dated, a Imi t inn 1 spine > stout , w ideh spin ed. "i:l conical larpT circmn-pimil < olUr" 

S to 10 mm. broad. Narrow er-m\ « d bum \ eni* c, (\hf ), K 170 mm , r It) mm , 

width of cirt unispinal collars, o mm. 

IhscriptUm. The two format 1 of l* g gat ten* extend into southern (’nlifoinia 
ami are thus included in the rare eap*tatn*. Tin* oincwhat hen\ i« v r spim d foim to 
which the t \ pe behm^s) has t*\t*n fewer "pirn*" than its northern e<|ui\alent but llicii* 
are scarcely two specimens alikt 1 l hie from San Pi* p» with K 111) mm ha^ oii*\ 
two dorsnlati*ral stuit's of spines inepdarly ali^nei! (about I i \ e longi"erics belwt » u t !•«• 
sitpi romarvrimds, w bile a specimen fioin Lapuna Hem It (|{ I M) mm has t be opu\ *i- 
lent of nine "era " without stiial iili"nmuit 1 be spims ate widelv spvml with 
bloat! itDlars of bare ."kin fnnyt tl h\ a nmdar i n If of • lo^ed pedi ellnrvae Tl 
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space between the spines may reach 10 or 12 mm. The spines arc strongly capitate, 
robust, with ornately grooved, subglobular to acorn-shaped ends, and are seated 
rigidly on convex plates of the very irregular skeleton. The dorsolaterals are some- 
times heavier than the cnrinals and superomarginals, sometimes subequal to them. 
(PI. 77, fig. 4.) In between the spines are conspicuous clusters of papulae guarded by 
small lanceolate pediccllariae, attached to the papulae, and in most cases by few to 
many much larger stone-hammer denticulate straight pediccllariae similar to those of 
(jiganteus. There arc very few isolated clusters of crossed and furcate pedicellariae 
among the papulae. 

The other extreme has narrower rays and more numerous, generally slenderer 
sometimes quite unequal abactinal spines. There is little to distinguish it from 
some specimens of true gigantevs (with which Verrill confused it) except the characters 
of the pediccllariae enumerated in the diagnosis. One may count from 9 to 15 
spines across the ray between the two superomarginal series, but there is never 
regular serial alignment. The collar of blue skin around each spine is generally 
narrower than in the type forma. The usually slenderer rays cause the spines to be 
less widely spaced. There is complete intergradation between the two formae in a 
good series of large specimens from Venice, Calif., contributed by Prof. A. B. Ulrey. 
The Laguna Beach specimens are all the type form. 

The superomarginal spines are similar to the dorsals, but generally more numerous 
than the outer dorsolaterals, and form a straight series, low on the side of ray. A 
specimen from San Diego has 23 superomarginal spines corresponding to 47 infero- 
marginal plates. 

Inferomarginal spines smaller than the superomarginals, two to a plate, sub- 
clavate, finely grooved and with a well marked, external, often deep sulcus. There 
are usually two or three longiseries of aetinal spines similar and subequal to the in- 
feromarginals, sometimes a little heavier on the proximal part of the ray. They all 
carry external clusters of crossed pedicellariae. As in typical giganteus certain speci- 
mens, on some of the inferomarginal and aetinal plates of the proximal half of ray have 
two to four spines, greatly increasing the spine count and destroying any regular 
alignment. Such a specimen may have 8 or 10 spines in an irregular transverse scries. 

Adambulacral spines slender, flattened, subtruncate or blunt, slightly tapered or 
not, sometimes with a shallow groove on the outer half, deepening toward the tip 
(Laguna Beach). In such a specimen the spines range from slightly tapered, blunt, 
to slightly spatulate. The adoral earina is very narrow, composed of about 10 or 12 
pairs of plates, and back of the mouth plates the first two or three pairs of plates 
have the spines in single file (some of the spines being suppressed). 

Each mouth plate has two aetinostomial spines (the latter quite small) and one 
suboral, tapered and pointed, similar to but often stouter than the adjacent adam- 
bulacral spines. 

Crossed pedicellariae in circumspinal wreaths abaetinally and in clusters on 
outer side of inferomarginal and aetinal spines. They are less numerous than in 
typical giganteus which sometimes has clusters between the spines. Pedicellariae 
average larger than in giganteus; length 0.5 to 0.46 mm. (Laguna Beach; San Diego; 
Lower California). (Compare pi. 73, tigs. 5 and 6.) In form they adhere closely to 
the generic type and are very little different from those of giganteus. Note relative 
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Ifiijrt li of side of terminal li|>. In Lower Californian specimens there are fewer teeth 
in the median vertical scrip's of the shank of jaw. 

Straight pedieellariae: to) There are n few to numerous tiny laneelonte dermal 
pedicellariae, similar to those of yignntcus, piunlin£ tin' papulae uetinul and abaoti- 
nal). Along the furrow fare of the ndamlnilaerals are pcduneulate clusters, here and 
there, uf very small lanceolate pedieellariae, usually at tin* base of a large toothed one 
fas in gigantt us). 

(/;) Small furcate pedieellariae, so numerous in g'gnnhu \ are relatively few and 
occur with the crossed; diameter 0.222 nun. tPI. 72, lie t*o.) 

ir) Heavy suheonienl “stone-hammer" pedieelhirine with small terminal teeth 
\ a r v greatly in number and present no constant dilFereneeN from those of ij'ujunteu*. 
When almost ahsent from the ahnetinal surface they may he found intcrmar^nnlly 
and in the interhraeliial channel. The jaws are likely to he broader in the thicker 
spiueil specimens. 

Madrrporie body subcircular, conspicuous less than one-half r from renter of 
disk; striae line, irregular. 

Young . — Two young specimens from Lacuna Beach, Orange ('minty, Calif , 
measure H If* and ‘21 mm. ICaeh has a single scries of well spaced dorsolateral spines 
and n single series of aetinnls. In the smaller there are two pairs of contiguous adam- 
bulncrals behind the mouth plates; in the larger, four. (PI. So, lig. 3 ) 

In contrast to gigatiteus of approximately the same size, the ahnetinal spines are 
fewer and more widely spaced while the furcate pedieellariae are very scarce; in 
g igntiUus these are abundant. 

The skeleton of the smaller specimen is constructed essentially as that of young 
o chracfus, but shows larger areas of hyaline beads on the superumarginnl plates, 
which are practically covered. They are also on the primary dorsolateraU and 
carina Is (absent in ochraceus). 

Type No 1*2^0, U.S.X.M.; Hr. d. > New berry. 

Type locality . — San Luis Obispo Bay, Calif. 

Distribution . — Northern Lowt r California to San Luis Obispo Bay, Calif.; inter- 
tidal and shallow water. 

Sptcimens examined.— Twenty-eight 
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Itemarl-s. — By a curious mistake the type locality is stated by Stiinpson to be 
“San Diego, Calif., Colorado expedition, Dr. J. S. Newberry.” The type specimen 
is No. 12S0, U.S.N.M., and is labeled in Doctor Stimpson’s well-known handwriting 
“Asterias capitata, Stm., San Luis Obispo, Doctor Newberry.” This specimen is 
really intermediate between capitatus and giganteus, as the locality would lead one to 
infer. It has not the characters of the race capitatus developed to the extreme 
degree that one would wish to see in a “ type ” and it is very unfortunate that the type 
specimen is not from San Diego, or from some locality well south of Point Conception. 

Dr. Mary J. Rathbun, in this connection, showed me documentary evidence that 
Doctor Newberry did not collect at San Diego. In 1SS3, Dr. Richard Rathbun 
published the following in Descriptive Catalogue of the Collection Illustrating the 
Scientific Investigation of t lie Sea and Fresh Waters (Great International Fisheries 
Exhibition, London, 1SS3, U. S. America), page 12: 

Explorations and surveys west of the one hundredth meridian, under the direction of Gen. 
A. A. Humphreys, Chief of Engineers, by Lieut. George M. Wheeler in charge, from 1872-1879. 
The naturalists of this survey were Dr. H. C. Yarrow, Mr. II. W. Ilenshaw, Professor Newberry, 
Mr. Charles E. Aiken, Dr. J. T. Itothrock, and Oscar Loew, and their field operations included the 
fresh-water lakes and rivers of Utah, Colorado, New Mexico, Arizona, and western and south- 
western Nevada, Salt Lake, Utah Lake, and other salt-water lakes, and the Pacific coast in the 
vicinity of Santa Barbara, Calif. 

The type has R SI nun., r 21 to 23 mm. The abactinal spines are of the large, 
capitate, well-spaced sort characteristic of capitatus from further south, but the 
crossed pedicellariae are too small and the furcate pedieellariae are too numerous. 
The larger crossed pedieellariae measure 0.3G mm. in length while the Laguna Beach 
and San Diego examples measure 0.4 and 0.45 mm. (< giganteus , 0.2G to 0.31 mm.). 
The smaller pedieellariae of the type measure 0.31 nun. in length. The furcate 
pedieellariae are not so numerous as in typical giganteus , but are not so scarce as in 
the extreme form of capitatus. 

Although the type of capitatus is frankly an intermediate it is superficially more 
like the southern than the northern race. 

The record of capitatus from Monterey Bay appears to be based on the form of 
giganteus having unusually stout, well spaced spines. I have a young specimen which 
might pass for capitatus but it has abundant furcate and small crossed pedicellariae. 

PIS ASTER BREVISPINUS (Stimpson) 

Plate 74, Figures 4, 4a-4<?; Plate 76, Figure 8; Plate 78, Figures 1-4; Plate 79, Figures 2-5; Plate 

86, Figures 12-16; Plates 89-93 

Asterias brevispina Stimpson, Boston Journ. Nat. Ilist., vol. 6, 1S57, p. 528, pi. 23, fig. 3 
(San Franeiseo Bay, Calif). 

Aslcrias paucispina Stimpson, Proe. Boston Soe. Nat. Hist., vo). 8, 1862, p. 266 (Puget 
Sound). — Perrier, Rev. Stell., 1875, p. 60. 

Asterias ( Pinaster ) papulosa Verrill, Amer. Journ. Sei., vol. 28, July, 1909, p. 63 (Puget 
Sound). 

P[isaster] brevispina Verrill, Amer. Journ. Sei., vol. 28, 1909, p. 63. 

Pisaster brevispinus Verrill, Shallow-water Starfishes, 1914, p. 77, pi. 41, figs. 1 , 2; pi. 44, 
figs. 1, 2; pi. 15, fig. 1; pi. 69, fig. 3; pi. 76, figs. 1-16. 
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y Vr /ki/.u/ouj Vkukii.i. Sliallow-watcr Stflrlii*hrii ( 1914, p 91, |>1 42, t; pi -III. fg 1; 
pi. 00, Ok 1; pi. 70, lipf 2 2</; pi 9 k 4. 

Pi tauter ? fdtiCM/MMiji \ } mini., Slmllow-unti r Mnrflit*, UM I, p US pi 30, Ok** I, 2 

Diagnosis. Differing from 1\ ochraceu* in its rose-pink coloration, vnrh*gated 
with grny-green or maroon-purple pnptiliir areas; dorsolateral spines not forming 
a reticulated pattern (except occasionally in forma brtrispinus) lmt standing singly 
or in small groups, often few in number; furcate pcdicellariae of characteristic form, 
with upper margin of jaw* smooth, not emmlatc Kays (i\e A giant specimen of 
forma brevispinus (|>1 00, tig. 2), K 320 nun . r Mi n in.; one of forma /miwcm/o'hu *? 
(Vorrill’s papulosu*) K 31o mm , r till mm. This specie* is one of the largutt star- 
fishes known. 

Description . — The most obvious \ariation in this spot ies is in the abundance of 
ahnctinnl spines. There is a complete series of intergrades between the extremes. 
It is convenient to recognize tvo formae equivalent to the old species brrrisp m/« 
and paucispinus. Each of these is divisible into several suhfortnae; but in view of 
the fact that there are about as many intergrades n< representatives of the subformae 
no service is rendered by recognizing them formally by name. 

The species brerispin us is easily distinguished in life from its congeners by its 
light rose-pink color, mottled with the gray-green or maroon papular areas. This 
color is rather striking and no variation of ochraceus or (figantnts approaches it 
Moreover, the pink color varying in intensity and shade is relatively constant, ns 
compared to the wide range in ochraceus from yellow ochre to purple. 

forma HHKMM‘1 N*l N Sdmpwoa) 

Plait 7*1. I-igim* 4r. 4</ f Plate 70, Figure 8; Plate 7S, IiKun •» 1,2,2 a, 2b, I, Id, Ab\ Platt 79. tig iris 
2, '2a, 26, 3r, 4, Plate Ml; Plate 90 ( Figures 1,2; Plate 91, Figure 1; Plate 92; Plate 93, Figure 4 

To this forma belong those individuals having dorsolateral spines typically in 
small grotips or elnsti rs which are spaced w ithout regular order between the carinals 
and the superomarginids. There is great varintinn in the number of spines per 
group as well as in the number of groups. In extreme*; such as Plate SO, figures 1 
and 2, there are 3 or 4 to S or even 10 capitate spines per group, sometimes arranged 
in short transverse series. The groups are somewhat neervnte (pi SO, lig 2; pi. 00, 
iig. 2), especially on the outer part of the my. In tlm e < xtromes t ho eariiml opines 
are crowded in transverst 1 groups on the pinto** so as to form a conspicuous radial 
hnnd. The primary apical plates of the di*-k are similarly heavily armed, the spines 
forming a rude star. These neeentunted forms of brfrhpiuu* have been taken at 
Puget Sound, Wash.; Crescent (Ity. Polinas, and Monterey Hay. ('nhf 

The less pronounced phase of hrer\p nu 4 is show n on Plate 02 Figure 1 is com- 
parable to Slimpson's type (set 1 Wrrill, pi. -lH from Sun Franobeo Hay In the«e, 
the dorsolateral spines stand singly or in '■mail groups of two to five They are 
slenderer ami the end i** frequently subitum al with a subacute or rounded tip. The 
earinal spines are one to time to a plate In some specimen* there is but a single 
series of earinnl spines while in othtrs, not materially dilTerent a* to dorsolateral 
armature, the spines are two or throe rankt <1 on the proximal earinal** or on nearly all 
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In some specimens of the less spinous subforiiia the abactinal spines are slender, 
tapered, subacute, without, or with only a slightly swollen, subenpitate tip. They 
stand usually singly on their plates and their collars of pedicellariae are generally 
conspicuous. Plate 92, Figure 2, represents a specimen intermediate between 
Figure 1 and this weak-spined variant (Monterey Bay). The giant specimen (pi. 91) 
has tapered pointed spines and belongs on the border of brerispimts , as docs Plate 93, 
Figure 4. The latter has fewer and slightly stouter spines than specimen Plate 92, 
Figure 1, and is an intermediate between the well-developed phase of bremspinus and 
pancispuius. The loss of the adradial series of spines would transform this specimen 
into one of forma paucispinus. This remark is true of the great specimen, Plate 91. 
Compare it with Plate 90, Figure 2, a representative of the heavier spined subforma. 
Both arc from San Juan Islands, Wash. 

Supcromarginal spines, one to three to a plate, are not of much value for diag- 
nostic purposes. The number varies on different rays of the same specimen. Speci- 
men, Plate 89, Figure 1, has two (sometimes one) on plates of proximal two-thirds 
of ray and one on the distal third; Figure 2, the same; Plate 90, Figure 2, giant 
specimen, has three sometimes with a small fourth, at base of ray, then two or three, 
and finally one near tip; Plate 91, figure 1, giant specimen, two proximally and one 
dist ally ; Plate 92, Figure 1, irregularly two or one on a few proximal plates and one 
on rest of series. Superomarginals are similar in size and form to the abactinals 
but in some specimens are slightly gouge-shaped on outer side of tip. 

The inferoinarginal and actinal spines are characteristic of the genus and present 
no especial peculiarities. There are two clavatc to subspat ulatc, usually externally 
furrowed, inferomarginals, followed in a transverse scries by three or four similar 
actinals, all much stouter than the superomarginals. In well-developed specimens 
the two outer actinals arc generally a little larger than the inferomarginals. There 
is considerable variation in the form of the spines and their robustness. In very large 
specimens proximally the tips become flattened as if pinched while soft. A shallow 
sulcus is normally present on the outer side in most of the specimens. (PI. 7S, fig. 1.) 

Adambulacral spines slender, slightly tapered, round-tipped, forming a single 
crowded scries. Here and there a spine is squeezed a little in advance of its neighbors 
on the furrow edge. Where the series bends upward toward the actinostome the 
spines gradually lengthen and thicken, on the approach to the adoral carina, upon 
which they are generally conspicuously stouter and longer. This carina is unusually 
well developed and in mature specimens is composed of 12 to 15 pairs of conjoined 
plates. (PL 79, fig. 2a.) It curves upward to the actinostome, which is sometimes 
quite close to the dorsal wall of the well-arched disk. The first few plates of the 
carina lack spines, although these same plates arc spiniferous in young specimens. 
In fully adult specimens the first adambulacral plate is conspicuously shorter than 
the second; in young specimens they arc subequal to or larger than the following 
plates. 

The mouth plates widen with age and sometimes become somewhat distorted. 
They are, as is usual in Pisaster , considerably broader than the narrow neck of the 
adoral carina but there is little specifically characteristic. Ordinarily there arc two 
unequal flattened blunt marginal (actinostomial) spines and a longer and stouter, 
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variously formed, but usually tapered and Idunt suhoral ^ j > i no t in t in tin* mip" 
position on companion plates, owing to crowding. 

Papulae abundant, gravUh green in life, arisin e from \nriou* M/.rd hrrmahke 
elevations of thin integument carrying numerous wry small broadly lanceolate 
pedieellariae, uhirli also occur on I In' base of the papular thcmsclws 'I hose clusters 
are of unequal size, some containing a large number of papulae ami they are closclv 
spared among the spines. Artinal arras eneh with few, wry lone papular, wry 
numerous and ronspieuous in the aggregate. 

Crossed prdieellariae (pi. 70, ligs. 2 b f -1) of the usual /* onhr type are faint 
abundant, mixed with the furcate type, in nreunnpinal wreath* and in numerous 
small clusters, independent of spines, among the papulae They or* ur also in 
rlustrrs on the outer side of the inferomarginnl and aetinal spines. Ahartmal pfili- 
eellariae from a giant specimen (pi lit), lig. 2) measure 0 24 to t) 27 min in length 
(San duan Islands, Wash.), while on a large Monterey specimen (pi. V 1 , lig 2) t he \ 
measure 0.31 nun. Aetinal and inferomarginnl pedieellariae are larger ti 3.7 mm 

Straight pedieellariae: (a) The /* r bifid furcate pedieellariae are chant* tcr- 
istic in form (pi. 74, ligs. 4c, 4</) and differ from those of oebraents and g gattni* m 
having the shorter blade of the jaw in a rudimentary form The larger blade U 
more like that of gigauteus hut is uniformly larger. Its upper border is smooth, n*»l 
scalloped as in ochrarcus. The pedieellariae have a diameter of 0.27 to 0 32 mm. and 
are remarkably uniform in size, irrespective of size of specimen and locality. They 
have the usual distribution and in seine specimens outnumber the crossed pedieel- 
larine nhnetinally, espeeially on the clusters between tin* spines. 

(b) Very small, broadly lanceolate pcdircllnriac are usually abundant abaetinallv 
ns well as netinully, especially on and around the bases of papulae. Actinnlly they 
are frecjiientlv of more diverse and larger sizes. Very similar ones form conspicuous 
pedunculate cluster* on the furrow surface or margin of the ndnmhulneraU Th**-e 
clusters, or sometimes long festoons, generally carry one or <«ewrnl very large, termi- 
nally toothed pedieellariae, about which the smaller one* cluster in unices 1*1 7o, 
fig. N; pi. 7\ ligs. 2, 4.) 

barge dentate pedi* ellaria** of numerous M/es up to 2 .7 mm exceptionally 
4 mm ) long are NnmetinuH \ cry abundant. (Sm dunu Island*. pi ! Jt). I g 2 There 
is such wide \ariation in form tie jaws \ar\ing from a tapered form with narrow 
tip and few teeth pi. 7\ ligs .1, 1, lo \h) to a broad rounded end and h or \ ex* • p- 
tionally 10 *>r 12, Doth (pi. 7s, !iy\ J.i) that it is dillmult to fliucl features of pro* i*e 
diagnostic value The shape \»rios widely on the >nme spirimen, being generality 
longer am! slender* r act iually lig 3 </ , w here the longest «>< our in the nxillury chain*** 
Specimens occur in which there are few ahartmal dentate pedieellariae The relative 
de\ elopment of spine* has no relation to the abundance of pedicell trine or \ t* e \ * r- 
The large spe« iinen from I^ope/. Island. San .hum IshimU pi Hi), lig 2 , lia^ a mo>t 
extraordinary equipment of this type *»f pedieellariae, the other s.>rN being wry 
numerous hut I* con-qii* mils pi 7>, l i ^s 2a, 2 b Among the example* of for i 

are two from Nanaimo ha\mg a minimum of ♦pine dewlopmtnt ami the 
aha* tuml surface armed with a multitude of these “major" pcdiccllnrinc wlmli tr** 
m**ro etui^picuou-i than tin* opines 1*1 ‘>| , lij g, p) 7 s, lig-. a, 3i 
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The mad repo ric body is large, subcircular, and situated about one-third r from 
center of disk. 

Color in life: Rose pink, the papular areas dark sage green or maroon purple. 
Some specimens are brighter or more intense pink than others. Those with purplish 
papular areas are more striking than those with the more prevalent greenish areas. 

Forma PAUCISPINUS (Stlmpson) 

Plate 74, Figures 4, 4a, 4b, 4e; Plate 7S, Figures 3, 3a-3d; Plate 79, Figures 3, 3a, 3b, 4a, 5; Plate 86 
Figures 12-16; Plate 90, Figure 3; Plate 91, Figure 2; Plate 93, Figures 1-3, 5 

The type of Stimpson’s Astcrias paucispina represents the immature phase and 
that of Verriir.s Pisaster papulosus a mature stage of this form. 

The principal distinction lies in the number of dorsolateral spines. In typical 
examples these stand singly, or in twos and occasionally threes, in one fairly direct to 
decidedly zigzag longiseries. At the end of the ray a few extra spines are added on 
either side. These spines or small groups are widely spaced from each other and from 
the carinals and superomarginals. Certain variants add spines here and there outside 
the series. Plate 90, Figure 3, represents the primitive form. Similar specimens, 
having K upward of 120 mm. are not uncommon at Monterey Bay. Plate 93, 
Figures 1 and 3, is the variation having the spines occasionally in groups of two or 
three, and with a few scattered ones near the marginals. This intergrades with 
specimens similar to Plate 93, Figure 4, which is an intergrade with forma brevispinus. 

Jn forma paucispinus (pi. 79, figs. 3, 3a~3c) the spines are usually stout with 
subconical, or acorn-shaped, grooved, differentiated tips. A subforma (pi. 91, fig. 2) 
with very few, rather inconspicuous dorsolateral and carinal spines but with a mul- 
titude of large dentate pedicellariae (often more robust than the spines) is found at 
Nanaimo, British Columbia, and represents the extreme of difference from the iiiul- 
tispinous subforma of brevispinus. This small spined variety is represented by a 
giant specimen from station 4219, vicinity of Port Townsend, having R 315 mm. It 
also lias very numerous “major” pedicellariae which are not so robust as the spines. 
A specimen (pi. 93, fig. 2) from soft green mud, Monterey Bay, also has very few, 
rather weak spines, but only the usual equipment of pedicellariae. A variation with 
spines similar to this, but with almost no larger straight pedicellariae occurs at 
Bradley Lagoon, British Columbia. In forma brevispinus nearly as wide a variation 
in the number of straight pedicellariae is found. 

Papulae are normally very numerous and, on account of the fewer spines, are 
rather more conspicuous than in brevispinus. They occur in clusters interspersed 
with groups of crossed and furcate pedicellariae, with which, in alcoholic specimens, 
it is easy to confuse them. As in other species of Pisaster the ventral papulae are 
long, and increase in number with size of animal. In large specimens they form dense 
masses between the ventral spines. Verrill’s Pisaster papulosus , characterized by 
few spines and very numerous papulae, is the normal adult of paucispinus of the ex- 
treme type. 

Supermarginal spines one, or sporadically two, to a plate, sometimes smaller 
sometimes larger than the dorsolaterals. In the curious subforma from Nanaimo 
(pl- 91, fig. 2) several consecutive supermarginal (and carinal) plates may lack 
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q»ino*. Tin* mailable linn* *cem* to have pone into pcdicellnrine There are indi- 
cation* that in somo ca-e* the spine* have been ah-orbed. 

Inferomarpintd spines two sporadically throe). Aetinal spines in two, rarely 
three, lonpiserie*. The inner spine, when present, i< generally slenderer than tin* 
others. The hip specimen from station 4*219 has sometimes two, sometime* three 
spine* in the cro-s -eric* of the aetinal system, or four ami li\e rountinp tin* infcro- 
marpinaU. Korina irempi/n/* has usually three or four, exceptionally live lotipi+crics 
of nc tinnl* at ba>e of ray. There is no constant ehanacteristir difference distmpm li- 
mp the spines in the two fortune. 

The adambulaenil and oral armature is similar to that of forma hmisjnr u% 

The podieellariae of forma jHiucispinu.* are like* those of hrn'iipinuH and v.i?\ 
numher within about tin* same limit*. Specimen* from Nanaimo have an exti. or- 
dinary equipment of larpe dentate pedieellariae. The bouquet* of adambnlaeral 
straight petlieellariae are often very voluminous and mil he extended in life to the 
ends of the papulae which are adjacent to the ndamhulncral plate* They apparently 
atFord some protection to those papulae and to the tube feet, a mom; which the lonp 
peduncle* of the bouquet* twine. (Kl. 74, litjs. 4. D/, \h, 1 r; pi. 7S, f]p. I'm ;?r, 
pi. 79, fitr. o Onferomnr^innl).) 

Madreporie body larpe, exposed, situated ns in brrrispuni*. 

Color in life: Ko*e pink with snpe preen papular areas. There i* apparently 
no constant dilferenee in color from f brrrispinus. A specimen from station lotM. 
Ahaetinal spine* lipht ro*e purple; general surface olive hulT; papular areas dark 
prayi*h preen; aetinal surface, lipht ro*e purple. 

Young. Plate M>, Figures 12-1»>. These lipnre* are intended to f:u ilitate miiu- 
pari'on between the vounpof tin* three species of Piaster. 

The yminp, by reason of the paucity of dorsolateral *pim**, are all referable to 
forma paucisplnua. Korina brevis pin us passes throuph this stapo and add* spine*, 
while the adults of poucispinus maintain the juvt nih* nrrnnpement of one dorsolateral 
serif s. Kipure 12 luis K 1 o mm. and one aetinal series of spines for half tin* lenpth < »f 
ray. The furcate and < rossed pedieellariae are spnerd, in eiri les, around the spine* 
and form pronps of two or three in Ik tween. Kipure 1H has K Ht) mm. The ncimal* 
extend nearly to tip of ra\ . Both have nlati\rlv fi w dentate straipht petlieellariae. 

One means of distinpuishinp the \ nunp of the three sp« firs, esp< < ia||\ brerispinv* 
from ochraenm , i* the furcate | cdieellaiiae, the jaws of which are 1 ha met eristic. 

Skeleton . — There art* no stiikinp point* of dilhnme between the skeleton*, of 
brerispinus and ochracrus. In hrrvisjnnus the prominf nt proup* of dorsolnt< ral spine- 
are seated upon plate* much larpor and nmie coinox than the others The same 
development is seen in ochraauM forma nodijtni s* In both specie* the skeh ton is 
strengthened, durinp the prowth of the specie*, h\ the adflition of internal o-sich s 
This i* t specially obsennble in a -fries of trail, sver-e Mipcrnetimtl ]>artitnms or but- 
tresses which pa** from the ambulacra! across to tin* supeiomarpiual s\ stems 
Between the.se partitions are deep recesses nr wells into which the hiphlv important 
aetinal papulae open 

The mouth plates appear to he more deeply sunken in tin- specie* than in tin* 
other two, hut a* considerable mosnnent is possible, variation 1 * apparent Win 11 the 
aetmostoine is near the upper surface of tin* di-k, as it frequently is, the adora] carina 
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is at right angles to the substratum upon which the animal is crawling. There are 
fewer longiseries of act Lual plates (which are a little larger) than in ochraceus. 

In young specimens (pi. 79, fig. 4r?) the skeleton has a series of wide intervals or 
spaces adjacent to the supcromarginals and the primal dorsolaterals arc relatively 
big. As in ochraceus the carinals lose their 4-lobed contour later in life. 

Very young specimens (R 14 mm.) have, on the supermarginal plates, a very 
small area of hyaline bosses. These disappear in specimens with R IS mm. In 
young of P. gigantcus capitatus the superomarginals have relatively more surface, arc 
more triangular in shape, and these specialized areas cover nearly the whole surface. 
They arc well-marked in the young of ochraceus , having R 22 mm. 

Type oj Pisastcr brevispinus. — Cat. No. 1285 U.S.N.M. 

Type locality. — Near mouth of San Francisco Bay, Calif., 10 fathoms, sand. 

Distribution— Sitka, Alaska (Vcrrill) to Santa Barbara, Calif.; lowest tide to 
56 fathoms, sand, or mud and sand. 

Forma brerispinus has been taken in the Puget Sound region, Washington, and 
from Crescent City to Monterey Bay, Calif. 

Forma paucispinus (type locality, Puget Sound) ranges from Sitka to Santa 
Barbara. 

Specimens examined. — One hundred and fifteen, in addition to many from Mon- 
terey Bay. 

Specimens of Pisastcr brevispinus examined 


Sta- 

tion 

Locality 

Depth 

Nature of bottom 

f. brevi- 
spinus 

f. pauci- 
. spinus 

3110 

Vicinity Half Moon Bay, Calif 

Fathoms 

39 

Rocky 

1 

| 

3111 


20 

Grav sand 

•> 

3122 

Between Point A no Nuevo and Santa 

38 

Gray sand, mud. 


2 

3147 

Cruz, Calif. 
do 

56 

Brown mud 



3)53 

Vicinity Point Reyes, Calif 

32 

Green mud 


j 

3154 


20 

Black sand, mud 


3 

4219 

Vicinity Port Townsend, Wash 

16 

Green mud, sand 



44*7 

3.7 miles southeast Santa Cruz Point, 
Calif. (Monterey Bay). 

Monterey Bay, 7 miles southeast Santa 

18 

Hard grav sand 

j 


4492 

26 

Soft green mud 


1 

4501 

Cruz. 

Monterey Bay 

12 

Hard coarse sand 

. 

6 

4503 

Monterey Bay (oil Soquel) 


Grav sand 

4 

26 

4519 

Monterey Bay (otl Moss Landing) 

35 

Hard gray sand 


4560 

Monterey Bay (oil Soquel Point) 

10 

Fine pray sand.. . 

j 

3 

4501 

do 

15 

Coarse sand, shells 


4 

4502 

Monterey Bay (S miles southeast Santa 

10 

Hard sand, rocks 


6 

4503 

| Cruz). 

1 Monterey Bay (oil Soquel Point) 

8 

Rocky 


3 

I 

5718 

San Francisco Bay (middle) 


Grav mud. . 


5702 

San Francisco llav (lower) 

6 

Mud.... 


1 


, Kasaan Bay, Prince of Wales Island, south- 
east Alaska. 

Bradley Lagoon. British Columbia 




2 




1 


Barclay Sound, Vancouver Island, British 



2 


Columbia. 

Nanaimo, Vancouver Island, British Co- 

Wharves 



3 


lumbia. 

Departure Bay, British Columbia 

i 10 

Soft sand 


2 


Lopez Island, San Juan Island, Wash 

15-25 


2 



Remarks 


4 intermediate. 


2 intermediate. 
1 intermediate. 


T. 11. Streets. 

W. F. Thompson . 


* Feet. 


Miss M. Bush. 
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/•(Amt 

Oulf of » 

Cuctl s ounU 
< rr*crnl i • v, T ilf 
11 ill 1 Ml *U>. ( bl t 

I <mJ l»a> . rdf v 1 1 M 

II ltna«. Cal' f 

Sun franriBoo Hi) (#■•<-*( It li %r — 1 

San lriinc*x> Hav. kt \ k i • 1* r 
San KrancUco Hay . 

Half Moon IUy, C«W 

Monlrrcy Hay, < ul f ^hall w ?* it l 


San Simeon Hay. Calif 

Santa llvliarn 

» N«iu<r*Mu. 

L't'tnark *. — Terrill's Pisustfr jmpulosus is the fully grown phase of the immature 
specimens to which Stimpson gave the name A slcna* pnucispina Those are figured 
by Verrill (1911, pi. 3f»). Figure 1 f('nt. No. 12s7, V S.X.M ) is the eotvpe, not 
type; Figure 2 (No. 1‘2SG) is the t\pe. Both are somewhat museum worn, hut 1 
have numerous specimens, almost identical, as well as smaller ami larger ones. 
Apparently forma brcrisj)inus always begins as paueixpinufi and adds spines to the 
few well-spaced ones of the single dorsolateral series. 1 hn\c seen only one speci- 
men of brerifipinuA as small as K 53 mill.; most of them have K 1M0 mm or more. 

\"orrill was in douht concernin': the generic position of pitucisp : nu* because 
only one series of aetinnl spines is present in the tv pe This is only a juvenile 
condition 

In connection with VcrrillV neconnt of bra'ispitiu* (p. SI) the record of Santa 
Cruz Island, Calif., is an error. The specimen (1S21. M (\ Z ) came from Monterey 
Bay, olf Santa Cruz. The figures representing the crossed pcdicellnriac of jxipulotu* 
(Verrill, B»M, pi 7G, fig. 2b) are wholly inaccurate, being unlike any crossed pedi- 
cclluriao in I’isustfr. 

(Mll.CK LIST OK \STKUOl OKA OK NoKTI! 1WCMKIC AND A l)J ACTNT WATKKS 

The following check list contains the names and ranges of all species, sub- 
species, and forinae found within the geographical limits covered In the present 
treatise. After each name is given a reference to part 1 or part 2 of this work, 
where the species i.s treated in detail. In order to avoid repetition, the species 
treated in this concluding installment namely, the Asteriinno— have not been 
listed since the names may he found by reference to foregoing pages Appropriate 
citations are gi\en for the few species not treated in parts I and 2 References to 
Terrill's Shallow-water Starfishes have been inserted wherever his views or treat- 
ment have materially differed from my own In the Fhnnerozonm there are few 
Mich citations. In the Foreipulnta the very wide differences in treatment are not 
apparent in this check list But the history of each species is covered hv the 
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synonymy which may be found on the page cited. In order to lessen the confusion 
which exists in the Coseinasteriinae and Asteriinac a list of Verniks names has been 
appended to this check list. In a parallel eolumn is given my interpretation of the 
particular species or variety. Further notes will usually be found in the account 
of that species or of its formac. 

Order PHANEROZONIA Sladen 
Suborder PAXILLOSA Perrier 

Family PORCELLANASTERIDAE Sladen 

Kit KM I CASTER TEXEBRARIUS (Fisher), pi. I, p. 21. 

Southern Alaska to the Galapagos Islands; 1,509 to 2,259 fathoms; ooze and 
soft mud. 

Kit KM I CASTER PACIFICUS (Lurlwig), pt. I, p. 2X 

Bering Sea to Gulf of Panama and vicinity of Galapagos Islands; S59 to 1,S79 
fathoms; ooze, soft mud, fine sand. 

Family GONIOPECTINIDAE Verrill 

CTENODISCUS CRISPATUS (ReUuis), pi. I, p. 31. 

Bering Sea to Sea of Japan and south along the American coast to Gulf of Pan- 
ama; Arctic Ocean; North Atlantic. 

Family ASTROPECTINIDAE Gray 

LEPTYCH ASTER ARCTICUS (Sara), pi. I, p. 43. 

Circumpolar; North Atlantic; Bering Sea, south to Japan. 

LEPTYCH ASTER PACIFICUS Fisher, pi. I, p. 45. 

Leptychaster millespina Verrill, 1909, p. 553. 

Leptychaster pacificus Fisher, Verrill, 1914, p. 326. 

Southern part of Bering Sea to Vancouver Island; 56 to 23S fathoms; sand, 
pebbles, soft mud. 

LEPTYCHASTER ANOM ALUS Fisher, pt. I, p. IS. 

Glyphaster anomalus Verrill, 1914, p. 32S. 

Bering Sea (vicinity Pribilof Islands and west of St. Paul) to southeast Alaska; 
on the Asiatic side to the Sea of Japan; 32 to 6SS fathoms; fine gray or black sand, 
green mud or pebbles. 

LEPTYCHASTER 1NERMI5 (Ludwig). 

Parastropecten inermis Ludwig, 1905, p. 76; pi. 4, figs. 21, 22; pi. 21, fig. 177; 
pl. 22, fig. 126. 

Leptychaster inenms Fisher, 1911, p. 53; Clark, 1913, p. 1SS (Monterey Bay to 
B alien as Bay). 
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Monlcrry Hay to (ininpngos Hnnninn region; 059 to 87 1 fathoms; gray sand, 
green mud. The small specimen of nnomalus recorded by me, 1911, p 52, from 
795 to N71 fathoms, Monterey Bay, was probn l>ly inenni*. 1 * 

I.KPTUU \STKI1 PIIOPIMUTS FUhcr. pi. I. p 51. 

Vicinity of Commnnder Islands, Bering Sen; 5*1 to 72 fathoms; greon sand. 
Tiioi'itom.srrs toil's ruhcr. 

Hull. U. S. Nat. Mus , vol. 52, 1917, p. 30s, pis. 2S .*10. 

Southeast coast of Kamchatka, 51° If/ N., 157° -is' W.; 90 fathom^. black 
sand; northern part of Okhotsk Sen (Djakonov). 

TICOPIIOPISCTS I It Kit l»Jak«n«*. 

Ann. Music Zoo]. Acad. Sei. l T . K. S. S., vol. 27, 1920, p 310, pi. 21, figs. 1, 2. 
Southern part of Okhotsk Sen; 30 to GO fathoms; sand and mud. 

I>IPN \ PASTER KX! Mil's 1‘Uhtr. p(. I. p. SC. 

From north of Monterey Hay to vicinity of San Diego, Calif ; 200 to 525 
fathoms; green, black, or yellow mud. 

PIPS M* tSTEIt IIO It K \|.IS FUhor. pi. I. p 91. 

Bering Sea and south of the Aleutian Islands; 121 to 351 fathoms; sand, green 
mud. 

nir.N\rASTi:ii i.aktmoimiiu s KUh« r. pi. i.p.ss. 

South of Alaska Heiiinsuln (55° 20' X., 155° 20' \\\); 095 fathoms; mud. 

PIPSU’ASTKH ANOPU SKUhtr.pl. I.p. 97. 

Washington to vicinity of San Diego, Calif.; 300 to N00 fathoms; mud. line 
sand. 

PMI.ASTIItl I’KOTIN ATI S iKUhrr , pi. I. p. 72. 

Bering Sea to Bay of Hannma; 1,033 to 1,025 fathoms; green oo/e, green mud 
sand, and hard bottom. 

III. \KI tSTEIl RITTER! 'cirlll . 

HunoJastt r ritttri Verrill, Amer. X T al., 1909, p. 551; 191 1, |>. 322, pi. SI, figs. 1, 
lu; pi. 101, ligs. 1, 2; pi. 105, ligs. I, la; text figs. 15, 10. As lihikiastcr, see pt. 1, 
p. It) footnote; also Kivlter, Hull. Mus. Comp. Zuol., \ ol. 51, no. 1, 1911, p. 1G-I. 

Although the type K said to he from oir San Francisco, it is more likely to ha\c 
been taken olf San IYdro, Calif. 1 have seen the type which is very closely related 
to lilukitisttr con cur Herrier. 

AsTIlorrc TKN \IIM I U S Ur»y. pi. I. p. SC. 

Ait/opfcUn tilth nnli* Verrill, 1911, p. 317, pi. 50, lig. 0. 

Astroptrtrn kritzilhruH urmtitn* Doderlein, Die fiattung Astropeeten, etc . 1917, 
p. SI. 

Attraprcti n crinacni* (’lark, 1913, p. 1^8. 

Kciiadnr to San IYdro, Calif.; shore to 30 fathoms; sand, dark brown mud. 

’ I hivi* pvim n* U |* m n Ii •« mI 1 1 n ■ 2S fo* h >tn IP* im > II li n i.fflm i i. In ^ I »r • t m l ' 

/ / ' *♦», h it l*t hr n I r iji^r 10 I |»Ut * fnrrm » Kit i <r \ fti r vr »; n t . ■ lO'na w l r tf* ir f r ■ 

.1 n •( th* ir- ret— 1 n rf inrrmii, w F*»hrf. I >1 1, p M. Fh |>rw''i! 1 r\ - r »f rro* mi— c lor tb 

s i *rt r-\ I !*«• - « I 1 'ptf<-k**trr % i rr *-u Norrro h Vrrrt 1 1*1 t d‘ ** ; t- 1 l > • % nt \ n ( » c •* r* * I p -S' . 

-»! f itfh f *r I'irQtttoptxf** hr I U fpktrter ^ rrC Thr crtvrrlr tU»e «* 1 - i < co\ r (h« k » v r l f/ *• «i »» 
d rd» a apply i * th» d «lyr v«n 1 p-ppinfum 

iv.uai) :io l t 


190 


BULLETIN 70, UNITED STATES NATIONAL MUSEUM 


I have maintained the species in a broader sense than Doderlein who recognizes 
erinacevs (including orstedii Liitken) as a distinct subspecies of braziliensis , an 
Atlantic species. The type of anna tvs came from Ecuador, which is also the type 
locality of erinaceus (the range of which is given as from Ecuador to Lower Cali- 
fornia). A. erinaceus appears to be a forma of armatus rather than a distinct sub- 
species. In any event the name armatus can not be restricted to southern Cali- 
fornia specimens, if these are really distinct from the race called crinaceus , since the 
type of armatus is from Ecuador. Nor does it seem wise to make armatus a subspecies 
of a tropical Atlantic form, which is widely separated geographically with a broad 
land barrier intervening. 

Verrill reports (1914, p. 319) a specimen from the cold water off San Francisco, 
which is obviously an error and leads me to think that his Blakiaster ritteri and 
Astrometis calijornxca are also from the warm area of southern California. 

This species is far too variable to split into races on the strength of trivial char- 
acters. 

ASTKOPECTEN OICNATISS1MUS Fisher, pt. l.p. 67. 

Vicinity of Guadclupe and Cerros Islands, Lower California, north to Santa 
Catalina Island and San Pedro, in southern California; 47 to 207 fathoms; fine or 
coarse sand, green mud. 

ASTKOPECTEN VEKRKLLI CALIFOKNICUS Fisher, pt. l.p. 61. 

Astropecten calijornicus Fisher, 1906c, p. 299; 1911, p. Gl. — Verrill, 1914, p. 319. 
Astropecten rerrilli de Loriol, Doderlein, 1917, p. 85. 

From north of Point Reyes, Calif., to northern Lower California; 10 to 244 
fathoms, usually on fine sand, but occurring also on coarse sand, and on mud. 

Astropecten verrilli seems, biologically, to be a warm-water offshoot of calijornicus y 
which in a typical form inhabits cold water (47° to 52° F.). A. rerrilli has a single 
longiseries of small tubercles along the superomarginal series. Doderlein classifies 
it in his braziliensis group. 

Til R1SSACANTH1 AS PENICILLATUS (Fisher), pt. 1, p. 79. 

Washington to Los Coronados Islands, Lower California; 277 to 822 fathoms; 
green mud or fine sand. 

DYTASTER GILBERTI Fisher.pt. 1, p. 101. 

Off San Diego, Calif., 2,196 to 2,228 fathoms, gray mud; undoubtedly inter- 
grading with D . gilberti demonstrans Ludwig of the Panama region. 

Family LUIDIIDAE Verrill 

LUIDIA FOLIOLATA Crube, pt. I, p. 106. 

Southeast Alaska to San Diego, Calif., and probably to Mazatlan, Mexico; 
10 to 189 fathoms, usually in less than SO fathoms, and on fine sand or mud; some- 
times on hard sand. 

LUIDIA LUDWIGI Fisher, pt. 1, p. 113. 

Monterey Bay, south to San Pedro, Calif., in 15 to 50 fathoms; mud, sand; 
gray sand, shells. 
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1.1 IM\ AST! I KNOSOM A lUhcr, pt. I. p. IK. 

From north of Mon terry Huy, C til if., to Los ( Wonados Mauds, Ix>\\ cr ( 'ahfornin ; 
11 to 330 fathoms; mini, fine sand, broken shells. 

Suborder NOTOMYOTA Ludwig. 1910 

yfyunotti Wrrill, ItUI, ]>. .'110. 

Family BEXTHOPECT1X1DAK Verrill 

PECTIN ASTER Aft ANSI 7.1 i:\ 0|»LIS <l*Uhcr». pi. I. p. 123. 

rrctinastfr ngnssizi Chirk, part, 101.1, p. 101. 

()1T southern California, OS-1 to 1 ,050 fathoms, pray and preen mini. 

U IMASTEll DAWSOSI (Vrrrill . pU I. p. 12*. 

Bering Sea soutli along the roast of Alaska to Queen ( ’harlotte Blands; 50 to 130 
fathoms; pebbles, sand. 

SEARCH ASTER ACICCLOSCS (KUhrr . pi. I. p. 153. 

From south of the Alaska Peninsula to Cedros Island, Lower California, in 
about 300 to 800 fathoms, usually in about 300 to 700 fathoms; principally on 
green mud. 

NI!A turn ASTER VAKIAIIILIS lEUhrr), pi. I. p. 137. 

Southern Bering Sea to southeastern Alaska; 10$ to 331 fathoms; pray sand, 
mud; in shallower water than aciculoxw'*. 

N EAltCII ASTER PKMCKI.I.ARIS KUhcr . pi. I, p. I is. 

Soutli of Unimak Island, Alaska, 2x0 fathoms, preen mud, roeks. 

MYONOTCS INTKIIM KOI! S EUhcr'. pi. I. p. 111. 

Monterey Bay, Calif., 038 to 735 fathoms, very soft mud. 

HKNTllOPECTEN ACAN'TIIONOTI’S FUhrr.pl. I. p. 114. 

Southern California, 081 to 1,050 fathoms, mud. 

HEN Time EOT KN MI’T Atlll.lS FUhrr.pl. I. p. H7. 

Oil Prince of Wales Island, British Columbia, 1,500 fathoms, pray ooze. 

IIENTIIOPKCTKN Cl. O 1C Kit EUhrr. pi. I. p. 150. 

Southern Bering Sea to Oregon; 0x7 to 1,004 fathoms; preen mud or ooze. 

Suborder Valyata Perrier 

Family ODON’TASTK RIDAE Verrill 

riTKUMINT ASTER CHASSIS tEUhcr.pl. I. p. 151. 

Odontnster missus Fisher, 1011, p. 154. 

I'rridontnsU r crassus Koehler, Australasian Ant. Exp. 1011 1014, vol. 8. pt. 1, 
1020, p. 105. 

Monterey Bay to San Diego, Calif.; 02 to 243 fathoms; pray stand, mud, shells. 
Family RAD I ASTER I DAK Fisher- 
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Subfamily Priamasterinae Fisher 

« KPH VRBASTEIt SWIFTI (Fisher), pt. I. p. 175. 

From the end of the Aleutian Chain to Washington; 34 to 188 fathoms; rocks. 
Family GONIASTERIDAE Forbes 
Subfamily Pseudarchasterinae Sladen 

PSEUDARCHASTER PARELI1 (DUben and Koren), pt. I, p. 180. 

Bering Sea to Kodiak Island and Sea of Japan; 70 to 351 fathoms; sand, mud, 
gravel. Also North Atlantic. 

PS EUDARCH ASTER PARKLU ALASCENSIS Fisher, pt. I, p. IS3. 

Oregon to southern Alaska, GS to 1,0G4 fathoms; rocks, sand, mud. 

PSEUDARCHASTER PUSILLUS Fisher, pt. 1, p. 187. 

North of Monterey Bay, Calif., to San Cristobal Bay, Lower California; 54 to 
3S2 fathoms; mud, sand, sand and pebbles. 

PSEUDARCHASTER D1SSONUS Fisher, pt. 1, p. 192. 

Bering Sea to Oregon; 784 to 1,0G4 fathoms; green mud. 

Subfamily Goniasterinae Verrill 

M EDI ASTER AEQUAL1S Stimpson, pt. 1, p. 198. 

Alaska Peninsula (Chignik Bay) south to northern Lower California; 9 to 
1G0 fathoms; rocks and shells, hard sand, gravel, clay, pebbles, green mud. 

M EDI ASTER TENELLUS Fisher, pt. 1, p. 202. 

Southern California, 291 to 510 fathoms; mud, rocks. 

M. transfuga Ludwig is probably a form of this species. 

CERAM ASTER PATAGONICU9 (Sladen), pt. 1, p. 214. 

Ceramaster granulans (Iletzius), Verrill, 1914; p. 290. 

Southern Alaska to the southern part of Bering Sea; 41 to 134 fathoms; sand, 
gravel. Also vicinity of Cape Horn; a specimen from Carmen Island, Gulf of Cali- 
fornia; one from off Cape San Lucas, 491 fathoms (Clark, 1913, p. 193). 

Verriirs citation of granularis is based on the record of Whiteaves, Straits of 
Georgia, 40 fathoms. Whatever west coast material he may have seen was too 
imperfect to figure and hence not suitable for critical study. A record by Ives from 
Marmot Island, Alaska, is equally open to question, since the same author reported 
granularis from Monterey, Calif., where it certainly docs not occur (probably 
J fediaster aequalis). 

Verriirs figures are all from Atlantic material. 

CERAMASTER JAPONICUS (Sladen). pt. 1, p. 20G. 

Japan to southern Bering Sea, thence south along the American coast to Oregon; 
10G to 78G fathoms; green mud, gray sand. 

CERAMASTER |,EPTOCERAM US (Fisher), pt. I, p. 210. 

From Point Conception, Calif., to San Cristobal Bay, Lower California; 284 to 
594 fathoms; green mud, sand. 

CERAMASTER CLARKI Fisher, pt. 1. p. 217. 

Southern Bering Sea to southern California; 334 to GOO fathoms; greenish brown 
sand. 
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CKH AM ASTT.il AHITIH S (Vrrrlin.pl. I. p. 2D. 

Tosiastfr arcticu* Yerrill, 1914, |>. *292, pi. 50, figs. 3, 3ri ; pi. 99, figs. 1, 2. 

From Boring Island along the Aleut inns to Kodiak Bland, Alaska ; low tide to 
102 fathoms. 

rijUMSTFK VALIDI S Fbhrr. pi. I. p. 2D. 

Aimikta Pass, Aleutian Islands; 2S3 fathoms; black sand, rocky. 

1111*1* VST Kill A SPIN ON l VrrriM.pt. I. p. 221. 

From southern California to Alaska (Kodiak); 27 to 121 fathoms; gray sand, 
mud, rocks and mud. 

lliriMSTKKIA SI'INOS* Kt ICII.KNSIS Fkhrr. pi. 1. p. 22*. 

Kuril Islands; 229 fathoms; black sand, pebbles. 

Ill 1*1* AST Kin \ !.i:iOI*KI.T A FUlirr. pt. I. p. 127. 

Sea of Okhotsk to southern Bering Sen; IS to 09 fathoms; sand, pebbles. 

Ml 1*1* ANT CHI A l.r.lOPKI.TA A II M ATI Kbhrr.pt. 1. p. 210. 

Kuril Islands. 229 fathoms (with J:urilrj\sis). 

I11PPASTKU1A IlKATUIKUhcr. pt. I. p. 21!. 

Clarence Straits, Alaska; 200 to 24S fathoms; coarse sand, rocky. 

IIIPP ASTKHI A CAIJFOICMCA FMi«r. pi. I. p. 213. 

Soutliem California to Washington, 200 to S47 fathoms. 

CKVPTOPKI.TASTltU I.KPIUONOTI'S FUhrr. pL I. p. 2M. 

Santa Cruz Island, California, to Tros Marias Islands, Mexico {IIi]>pa*tcri<i 
pacifica Ludwig); 200 to 060 fathoms; sand, gravel. 

Family LIXCKIIDAE Perrier 

I.INCkl * COl.l MniAK Ur»r. p«. I. p. 212. 

Southern California and Lower California; Colombia, west i oa*t ; Galapagos 
Islands; shore to 10 fathoms. 

Family P0RAXI1DAE Perrier 

DKU.M ASTCRI I M lilllC \TA Umbr'. pi. I. p. 20. 

Including Dcrma&terin* imbricatn var. ralrulifrra Y» rrill, 1914, p. 50S, pi. 97, 
figs. 2. 2 />. 

Sitka, Alaska, to Monterey Bay, Calif.; at and just below low* tide, rocks. 

Order SPINUL0SA Perrier 

Family ASTKK1NIDAK Gray 

PATIKI ^ MINI \ T A llondi . pi. 1. p 2Sl. 

Astcrinti minuita Fisher, 1911, p. 254. 

Putirin hi inidta Ye rrill, 1914, p. 201 

Sitka, Alaska, all the way to San Diego, Calif., theme to the Gulf of California, 
north of La Pa/.; low water to 1 05 fathoms; r»*eks, shells, gravel, hard sand 
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Family ECHINASTERIDAE Verrill 30 

rOltANIOI'SIS IN FLAT A (Fisher\ pt. 1, p. Ml. 

Oregon to Sail Diego, Calif.; 26 to 159 fathoms; rocks, sand, green mud. 

This species undoubtedly ranges far south of California, and in deep water it 
gradually changes to Jlcrilis. 

POItANlOPSIS 1NFLATA FLEXIL1S Fisher, pt. 1, p. 261. 

Central and southern California; 334 to 600 fathoms. 

This form probably ranges to the Galapagos Islands where it has been described 
as P. mira (Ale xand raster minis Ludwig). P. mira (Ludwig) preoccupied in Porani- 
opsis by de Loriol’s P. mira (Fisher, 1911, p. 261). 

HENRICIA SANGUINOLENTA (O. F. Muller), pt. 1, p. 271. 

Bering Sea south to the vicinity of the Kuril Islands and on the American coast 
to Washington. Circumpolar and North Atlantic. In the north Pacific region, 30 
to 229 fathoms; sand, mud, gravel. 

The above includes variety pectinata Verrill ( Cribrella pectinata Verrill), 1914, p. 
230, Eastport, Me. Variety rudis Verrill, 1914, p. 233, Point Franklin, Arctic 
Ocean, 13)* fathoms, sand. 

There seems to be little use in naming the legion of variants of this species. It 
is questionable whether pectinata of Eastport, Me., is the same as the Bering Sea 
variation resembling it. 

HENRICIA SANGUINOLENTA forma TUMIDA Verrill. 

Henricia tumida Verrill, 1909, pp. 554, 555, fig. 5; 1914, p. 234, pi, 12, figs. 1, 2. 

TIenricia sanguinolenta eschrichtii Fisher, 1911, p. 276, pi. 67, figs. 1-3; pi. 68, 

figs. 1-2. 

Henricia tumida borealis Verrill, 1914, p. 236, pi. 12, figs. 3, 4. 

Henricia arctica Verrill, 1914, p. 239, pi. 87, figs. 3-3c, text fig. 13. 

Arctic Ocean north of Bering Strait south to Kodiak; westward along Alaskan 
Peninsula and Aleutian Islands to Bering Island and Kamchatka, to Sea of Okhotsk 
(Brandt), and south to Simushir, Kuril Islands. Low tide to 53 fathoms. 

This form is exactly equivalent to eschrichtii of part 1. Verniks name has 

been adopted since the type is from Unalaska, while that of eschrichtii was from 

Greenland; and since some doubt exists that the two forms are precisely the same. 
They are however analogous stouter rayed shallow-water phases of the wide ranging 
sanguinolenta. 

Verrill applied three names to this forma — tumida ) borealis } arctica. He attributed 
some importance to the temporarily arched disk of brooding females. His II. tumida 
borealis applies to specimens with slenderer rays. Both stout and slenderer rayed 
forms occur in the same tide pool and are in several lots of specimens, as for instance, 
Nikolski, Bering Island. The narrower rayed variants intergrade with sanguino- 
lenta. Karely, for reasons unknown, the rays are short, broad, and flaccid. (Attn 
Island, Fisher, 1911, pi. 68, fig. 2.) Verrill attributes this specimen to Cape Lis- 

10 \ emll descrihed Echinastcr robustus (1914, p. 207), from Sookc, Vaucouver Island. I have examined Lhe type; and Dr. H. 
L. Clark, a photograph of the typo furnished by Dr. W. K. Coe. Neither Clark nor 1 believe that robiwfux came from Vancouver 
Island nor from a locality within a thousand miles of Vancouver Island. If “ Echinastcr robustus" is not a geuuine new speeies 
from Mexico, or south, it is likely an extra “fat" Echinastcr sentus from Florida. Much of Verrill’s material was without attached 
labels and nothing would have heeu easier lhan an inadvertent shift. This actually occurred in the case of " Pisastcr tutkenii" var. 
australis. Equally unlikely are all records of Echinastcr tenuispinus from California and uorLh. 
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hurne, Arctic Ocean, and refers it to his //. nrct' 01 , Im^od on a worn specimen. In 
my opinion //. arctica is hut a sporadic variant of tumult 1 with the plates and spinelcts 
smaller than usual. The Attn Island example shows that the variation may occur 
far from the Arctic. Verrill distinguishes arctica also by the large number of adorn* 
hulaeral .spinelets, it) “.several” transverse rows. Hut Ins Figure 3n, Plate s7, shows 
only firo transverse rows. Although voting specimens of tumuli often have only one 
transverse series of spinelets, Inrue examples generally have tiro. Two specimens 
from the same lot as YerriH’s type of orcftru were recorded hy me (101 1 , p. 27s, ('ape 
Lishunie, Henry I). Woolfe) and 1 liml no reason to consider them specilieally diirerent 
from the very variable, unstable turn Ida. 

Verrill also listed typical tumida ns sanyuinnlchta, namely’, the specimen from 
Bering Island, X. Grebnitsky (Verrill, 101 I, p. 220). 1 have an example of the *nine 

lot which is referable to tumida. 

11KMI1C1A LKVICSCn.A Stlmp««ont. pi. 1. p. 2s0. 

Including 1 1 enrich leviuscula var. lunula Verrill, 10M, p. 21S, pi. Ss, lig^. 2 2c; 
var. inf qualis Verrill, 1014, p. 210, pi. SS f figs 1, hi; var. spntuUjeru Verrill, 1014, 
p. 224, pi. 5, fig. 1 ; pi. 14; text lig. 12; other synony’ms ns given in pt. 1, p. 2 SO. 

Aleutian Islands to Monterey* Hay, Calif., in a typical form, and thence south to 
the Santa Barbara Channel and San Diego, Calif., the southern forms not typical. 
The typical form is found along shore at low tide, or in comparatively* shallow water. 
I^ow title to 33 fathoms. 

1IKMUCU i.KVIlSCri.A form* UVSCIUTV KUhor. 

Ilenricui leriuscula dyscrita Fisher, 1011, p. 2s0, pi. 74, figs. 1-3. 

Ilrnricia leriuscula var. dyscrita Verrill, 1014, p. 223. pi. 12, lig. ti. 

Middle and southern California, offshore, 21 to SO fathoms; sand, atones, mud, 
and rocks. 

This may eventually* prove to he a good deep water race of hriuscula. It U 
however rather unstable and a more conservative treatment is to consider it a forma 
of leriuscula in some respects intermediate with ^ picul if era. 

11 kn Kin a i.rvn .sci i.\ spirriJFKtt \ curk>. 

Cribrella s picul if era Clark, Proe. Boston Soc. Nat. Hist., vol. 20. 1001, p 32S, 
pi. 2; pi. 4, f ig . 1. 

Ilrnricia leriuscula multispina Fisher, 1011, p. 2sG, pi. 72, ligs. 1-4; pi. 73, 
figs. 1, 2. 

Ilenricui spiculifera (Clark), Fisher, 1011, p. 203. 

Ilrnricia leriuscula spiculifera Verrill, 1014, p. 220. 

Ilrnricia leviuscuhi var. multispina Verrill, 1014. p 222. 

From Oregon to Bering Sen, Bering Strait, the Aleutian^, and south on the 
Asiatic side to Simushir, Kuril Islands; low tide to 23s fathoms. 

Plate 72, Figures 1 and 2, and Plate 73, Figures l and 2, of part l, give an 
excellent idea of this relative of leviuscuhi. Verrill unfortunately* figured a Bering 
Island specimen (of which 1 have duplicates), instead of Clark’s types, w hich he held 
for many* years. The^e types came from Puget Sound and are evidently not extreme 
examples of the race, hut are probably* nearer to leriuscula than is the typo of multi - 
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,y,i„a. The race as a whole reaches its host development along the Aleutian chain, 
the type locality of imtltisinna. 

Typical examples are readily distinguished from leviuscula by their delicate and 
more numerous, rather hyaline spinelcts, ending in several delicate thorns. Varia- 
tions with larger or smaller abactinal plates and slender to stout rays occur. I do 
not think it is possible to distinguish a northern multispim from a southern spiculifera 
and have accordingly united the two. 

IIENKICIA AS l» 1211 A Fisher, pt. 1, p. 293. 

Bering Sea (Bering Island, Pribilofs, Aleutian Islands) south along the coast to 
the Santa Barbara Channel, Calif.; 26 to 313 fathoms; mud, sand, pebbles, shells, 
rocks. 

IIENKICIA ASPERA forma ANNECTENS Fisher. 

Jlenricia levinscula annectens Fisher, 1911, p. 291, pi. 70, fig. 2d; pi. 71, figs. 1, 3. 
Ilenricia leviuscula var. annectens Vcrrill, 1914, p. 224. 

Aleutian Islands to Santa Barbara Channel, Calif., 21 to 135 fathoms; rocks, 
shells, sand, mud. 

This form in most respects is intermediate between aspera and levinscula but 
resembles aspera more than leviuscula . Specimens referable to this forma have been 
taken also at station 3220, near Unalaska, 34 fathoms; and station 47S4, near Attu, 
Aleutian Islands, 135 fathoms. The range is probably coextensive with that of 
aspera. 

IIENKICIA ASTHENACTIS Fisher, pt. 1. p. 297. 

Vicinity of Santa Barbara Island, Calif.; Shumagin Islands; Bering Sea (Bowers 
Bank and off Kamshatka); 17S to 6S2 fathoms; green and gray sand, green mud, 
black mud. 

IIENKICIA LONGISPINA Fisher, pi. I, p. 299. 

From vicinity of Vancouver Island to southern Alaska; 41 to 134 fathoms; soft 
green mud, gravel, sponges. 

IIENKICIA LONG1SPINA ALEUTICA Fisher, pt. I, p. 300. 

Off Attu Island, Aleutian Islands; 135 fathoms; coarse pebbles. 

IIENKICIA POLYA CANTU A Fisher, pt. I. p. 302. 

Cyllaster polyacantha A. II. Clark, Proc. Biol. Soc. Washington, vol. 29, 1916, p. 61. 
Off San Diego, Calif.; 359 fathoms; mud, fine gray sand. 

IIENKICIA CLARK1 Fisher, pt. I, p. 303. 

Cyllaster clarlci A. II. Clark, Proc. Biol. Soc. Washington, vol. 29, 1916, p. 61. 
Santa Cruz Island, Calif., to the licvillagigedo Islands, Mexico; 124 to 822 
fathoms; black sand, fine gray sand, green mud, black mud. 

Family SOLASTERIDAE Perrier 

SOL ASTER END EC A (Linnaeus), pt. I, p. 307. 

Solaster endeca and Solaster yalaxides Vcrrill, 1914, pp. 244, 24S; gfllaxides , pi. 
46, figs. 2, 2a; pi. 87, figs. 5-5c; pi. 89 fig. 2. 

Bering Sea south to \ ictoria, British Columbia, and San Juan Islands, Wash.; 
12 to 238 fathoms; gray sand, gray green mud, coarse sand. In the North Atlantic 
and Arctic Ocean. (See von llofsten, 1915, p. 39.) 
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Yerrill's galaxidt < wa> founded upon three specimens from the vicinity of Vic- 
toria* British Columbia, and Puget Sound, Wash. As pointed out by me in 1011 
(p. 30$) there is no constant difference between endrea and g ahtxidts, the distinctions 
listed by Yerrill being rather of the nature of minor individual variations and not 
constant. 

It is probable that the type is now the only one of Yerrill’s three specimens 
which is extant. 

SOLV.NTKK .sTIMf'SOM Vrrrill. pL I. p. 307. 

Solasttr stitnpsoni Yerrill, 1014, p. 2.14, pi. 10, lips 1, 2; pi. 11, figs. 1, 2; pi. 
13, lips. 1,2; pi. 40, lips. 1, lc; pi. 01, Op. 2; pi. On. 

Sohtstcr constclhitu* Yerrill, 1014, p. 2.17, pi. 40, Tips. 3, t; pi. 00, lig. 2; pi. 93; 
pi 04, lip. 1 . 

Southern Bering Sea (Commander Islands), and Kodiak, south to Oregon, in 
shallow water; low tide to 33 fathoms; rocks and shells. 

Since the publication of part 1, I have observed abundant living material at 
Departure Bay (Canadian Biological Station). I have also examined the type of 
const e Hat U* kindly forwarded by the Provincial Museum, Victoria. In spite of 
Yerrill’s vigorous defense (1914, p. 2 .IS) of coti-stfUatus, the fact remains that the 
alleged species was based upon a single specimen from Puget Sound, from which 
general region 1 have handled probably ten times the amount of material available 
to Yerrill. The typo does not differ sufficiently from (he variable stimp<on\ (many 
of which have nine rays) to constitute even a good forma. The lurger pseudopnxillae 
upon which Yerrill lays stress are apparent only, duo to their Inning dried with the 
spinelets fully spread apart They are well within the normal variation of stirnp^oni. 
It is simply a question <>f adequate material. 

SOI.ASTIIK l> VWSONI Vcirlll. pt. 1. p .111. 

Monterey Bay to the Aleutian Islands, thence to the Kuril Islands; low tide to 
229 fathoms; rocks Monterev), sand, shells, black sand, green mud 

SOI.ASTKIC IMWSOM AIM* 1 1C V Vrrrill. 

Yerrill, 1914, p. 233, pi. s7, tigs r», (*><;; text lip. 1 1 

Solastrr dainoni part, Fisher, 1911, p. 313 (Point Franklin); pi. S3, lig. 1 

(topotype). 

Point Franklin, 10 miles west, 13S fathoms, sand 

YerrilPs type is one of the specimens collected by the Point Barrow expedition 
(John Murdoch) and is of the same lot as the two recorded b\ me It seems 
probable that this is an arctic rare of daw<nni 

SOI. VSTKIl CAXIIXATCS Nladrn. pi. 1. p. 315. 

From south of Yokohama, Japan, to Bering Sen, t lienee to vicinity of Kodiak 
Island, Alaska; 30 to 330 fathoms; gray .sand pebbles niud 

It is possible that Clark’s re*«»rd of this specie * (1913, p 19<») from oil Santa 
Rosa and Santa Cruz. Mauds, Calif , 331 to 010 fathoms, refers to N cxiginn 

SOL VSTKU KXIorrs KUhcr. PL I. p. 319 

OH Anaeapa Ishiiul, Calif ; 003 fathoms, preen mud. 
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SOLASTER BOREALIS (Fisher), pt. 1, p. 320. 

From off San Diego, Calif., to Bering Sea, thence to Honshu, Japan; 225 to 
1,044 fathoms; blue, green, brown, gray, black mud. 

SOLASTER It YPOT1IRISSUS Fisher, pt. L p. 324. 

Shumagin Islands to Attu, Aleutian Islands; 135 to 625 fathoms; green mud, 
coarse pebbles. 

CltOSSASTER PAPPOSUS (Linnaeus), pt. 1, p. 323. 

Solaster papposus, Fisher, 1911, p. 325. 

Circumpolar, through Bering Strait, into Bering Sea; thence south along the 
west coast of North America to Washington; on the Asiatic side to the Sea of Okhotsk. 
North Atlantic. (See von Hofsten, 1915, p. 32.) In the north Pacific region, 
lowest tide to 2S3 fathoms; from a variety of bottom including gravel, rocks and 
shells, sand, mud. 

HETEROZONl AS ALTERNATED (Fisher), pt. 1, p. 331. 

Washington to San Diego; 316 to 603 fathoms; green and black mud, fine sand. 

LOPHASTER FURCILLlGElt Fisher, pt. I, p. 334. 

From south of the Alaska Peninsula to southern California, thence to the Gala- 
pagos Islands; 192 to 1,100 fathoms; green mud, sand, globigerina; also rocks, shells, 
fine gray sand. 

LOP1I ASTER FURC1FER VEXATOR Fisher, pt. 1. p. 338. 

Lophaster jurcilliger vexator Fisher, 1911, p. 338. 

Southern Bering Sea to northern California; 75 to 350 fathoms, typically in 
less than 200; black sand, mud, gravel. 

Family KORETHRASTERIDAE Danielssen and Koren 

PER1BOLASTER BISEltlAUS Fisher, pt. 1, p. 341. 

Southern Bering Sea and off southern California; 57 to 440 fathoms; green 
and gray mud, fine gray sand, pebbles, rocky. 

Family PTERASTERIDAE Perrier 

PTER ASTER M1LITARLS (O. F. MUller) pt. 1, p. 346. 

Pteraster militaris Verrill, 1914, p. 272. 

Pterasterides aporus (Ludwig) Verrill, 1914, p. 277. 

Bering Sea to Washington; 41 to 344 fathoms; green mud, gray sand, gravel. 
Arctic; North Atlantic. (Sec von Hofsten, 1915, p. 47.) 

PTERASTER THIGONODON Fisher, pt. 1. p. 348. 

Off Santa Cruz Island, Calif.; 447 to 510 fathoms; black mud, rocks. 

PTERASTER JORDANI Fisher, pt. 1, p. 350. 

From northern Lower California to Washington; 266 to 984 fathoms; mud or 
sand. 

PTERASTER M ARS1PPUS Fisher, pt. 1, p. 352. 

Bering Sea, 52 to 351 fathoms; gravel, sand. 

PTERASTER COSCINOPEPI.US Fisher, pt. 1 . p. 354. 

Off southern and central California; 281 to 1,062 fathoms; mud, sand. 
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rn:ii ASTKit tkm nochitov ruhrr. pi. i. p. ns. 

Aleutian Islands, Attn to Cnalnskn; 5G to 135 fathoms; pebbles. 

PTKII AST Kit PI lAII.I.rS Sara. p(. I. p. 155. 

Xear Bering Island, Bering Sen; 72 fathoms; pebbles. Also Arctic Ocean and 
Xorth Atlantic (ofT Maine to Xc\a foundhuid); Norwegian coast, from 00° to Fin- 
mark; Barents Sen; Kara Sea. 

I*TKK ANTKII TKKSKI. ATI'S Um, pt 1. p. 359. 

Pteraster tesselatus Ives, Proc. Acad. Xnt. Sei. Philn., ISSS, p. -121 . — Fisher, 1011, 
p. 350, pi. KM, lips. I 5.— Verrill, 1011, p. 20$, pi. 32, figs. I, 2; ])l. $fi, lips, 4-4r; 
pi. 07, lip. 1 . 

IUe raster mult is pi nun Clark, Broc. Boston Soc. Xal. Hist., vol. 20, nc». 15, 1001, 
p. 32 S, pi. 3, ftps. 1, 2.— Fisher, 1011, p. 350 —Verrill, 1014, p. 271. 

/ Ptc raster (jra fills Clark, Prop. Boston Soc. Xnt. Hist., vol. 20, 1001, p. 320, 
pi. 3, Jigs. 3, 1.— Fisher, 1011, p. 340. Verrill, 1014, p. 271. 

Pteraster tesselatus hebes Verrill, Amor. donm. Sei., vol. 2S, 1000, p. 01 ; 1014, 
p. 270, pi. 00, figs. 1, 2. 

Bering Sea (Bering Island, Aleutian Islands, Pribilofs, llagemeister Island) 
south to Strait of Fuca and Strait of Georgia; gravel, sand, mud. 

Verrill has given some notes on the types of Pteraster multispin us ami gracilis, 
both voting specimens; neither, in my opinion, are valid species. It is possible that 
'gracilis is the young of militaris. VerrilFs hebes is a dried and distorted tesselatus 
from Departure Bay, British Columbia, where typical tesselatus has been collected. 

rTF.lt AST Kit TKSSKI. ATI'S MtCCATlN FUhcr.pt 1. p. Ml. 

Monterey Bay, 50 to 40 fathoms, rocks. 

l*TEIt ASTKIt owscutrs * Perrier ). pt I. p. 3 fJ. 

Pteraster ob^eurus (Perrier), Fisher, 1011, p. 303 (synonymy ns given).— Verrill, 
1914, p. 274. 

Pteraster obscurus var. oetaster Verrill, 1914, p. 27G. 

Bering Sea, from Bering Straits south to Boring Island, Kamchatka, and Unn- 
laska; 17 to S5 fathoms; mud, black sand, line gray sand. Also 50 to 145 fathoms 
in the Xorth Atlantic, whence it ranges into the Arctic (Spitzhergen, Greenland). 
Evidently circumpolar. (Sec von Hofsten, 1915, p. 50.) 

Ill Pl,OPTKI< ASTKIt MFUTICKS San. . pt. 1. pi. 371. 

In the north Pacific from San Diego, Calif., and Suruga Gulf, Japan, north to 
soul hern part of Bering Sea; SI to li lt) fathoms; mud, sand, gravel. Also in the 
Xorth Atlantic, on the west side from 35° to 45° north latitude, and on the oast side 
from Norway and Barents Sen; 50 to about 5S0 fathoms. 

II YMKN ASTKIt KOKHI.KKI FUhrr.pt I. p. 37J. 

Southern Bering Sea (between Unimak Island and the Pribilofs); 1,771 fathoms; 
blue ooze. 

II YMKN ASTKIt PKKISSON OTI S FUhcr. pt 1. p. 37A. 

From ofT Rosario Buy, Dnver California, to Bering Sea; 225 to 1,771 faihoms; 
pray mud, blue and green ooze. 

II V M KS ASTKIt C|l AOKISPINON1 S FUSrr, pt I. p. 3*0. 

Bering Sea to Rosario Bay, Ixnver California, and probably south to the vicinity 
of Panama; 1,059 to 1,771 fathoms; green mud, gray ami blue ooze. 
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Order FORCIPULATA Perrier 
Suborder BRISINGINA Fisher 

Family BRISINGIDAE Sars 

CRATEROBRISINGA SYNAPTOMA Fisher, pt. 2, p. 10. 

OfV British Columbia (52° 39' 30" N., 132° 38' W.); 1,588 fathoms; gray ooze, 
coarse stones. 

MUSING ELLA EX1LIS (Fisher), pt. 2. p. 13. 

Off southern California from San Diego to Santa Barbara Island; 44S to 1,059 
fathoms; green mud. 

MUSING ELL A 1MJSILLA Fisher, pt. 2, p. 16. 

Off southern California from San Diego to Santa Cruz Island; 301 to 1,059 
fathoms; green and black mud. 

BIUSINGELl.A PANNYCH1 A Fisher, pt. 2, p. 18. 

Bowers Bank, Bering Sea; 771 fathoms; green mud. 

FHCY ELL ASTER FECUNDUS (Fisher), pt. 2, p. 21. 

Off Point Pinos, Monterey Bay, Calif.; 755 to 1,062 fathoms; soft gray mud, 
hard sand, and mud. 

FREYELLA MICROPLAX (Fisher), pt. 2, p. 25. 

British Columbia to central California; S61 to 1,588 fathoms; mud and sand. 

FREYELLA INSIGNIS Ludwig, pt. 2, p. 27. 

Gulf of Panama to southern California; 1,772 to 2,228 fathoms; on gray mud, 
green mud, brown mud, and globigerina ooze. 

ASTROCI.ES ACT1NODETUS Fisher, pt. 2, p. 29. 

Off British Columbia (55° 20' N., 136° 20' W.)j 1,569 fathoms; gray ooze. 

Suborder ASTERIADINA Fisher 

Family ZOROASTERIDAE Sladen 

ZOROASTER OPIIIUIUJS Fisher.pt. 2, p. 34. 

Bering Sea to Lower California (off Ballcnas Bay and San Rosario Bay); 879 to 
1,217 fathoms; mud and fine black sand. 

ZOROASTER ACTINOCLES Fisher, pt. 2. p. 37. 

Northwest of Yunaska Island, Aleutian Islands; 1,217 fathoms; fine black sand. 

ZOROASTER EVURMANN1 Fisher, pt. 2, p. 40. 

Off southern California, San Diego to Santa Cruz Island; 216 to 510 fathoms; 
green mud, black mud, gray sand. 

ZOROASTER EVERMANNI MORDAX Fisher, pt. 2, p. 43. 

From Washington to southern California; 239 to 760 fathoms; in south only in 
over 600 fathoms; green mud. 

MYXODERMA SACCULATUM Fisher, pt. 2, p. 13. 

Bowers Bank, Bering Sea ; and off central California, undoubted^ intergrading 
with the southern form from off southern California; 550 to 766 fathoms; green mud, 
sand. 

MYXODERMA SACCULATUM ECTENES Fisher, pt. 2, p. 49. 

Off southern California from the vicinity of Santa Cruz Island to Los Coronados 
Islands; 510 to 100 fathoms; gray mud, green mud, black mud. 
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M YXOOKIt.M \ 1*1. \TVA< A Mill M II. I.. Hark . pi. 2. p 52. 

From Point Conception, Calif to San Cristobal Bay, I^mer California; 2 03 to 
287 fathom*?; pvrii mud. 

M YXODKIl M \ I'LATYACAN Till M ICIIOMALKI M I'lalwr. pL 2. p. SI. 

From <»IF Oregon (43° lb' X.) t<> central California; 277 to 290 fathoms; gray 
sand. Intergrndes olF San Luis Obispo ('painty with plnt*ji\c*inthnm. 

Family ASTER 11 DAE Gray 
Subfamily Pe d t celi «aster i n a k Fisher 

l*KI)iri:i.l.ASTKIt MAUISTKU Fl«hrr. pt. 2. p. 51. 

Southern Borin £ Sen, from the Commander Islands to l T nimak, and north to 37°; 
south along the Alaskan const to Kasnan Bay, Prince of Wales Bland; 12 to 121 
fathoms; gravel, black and gray sand ; green mud. 
lormciXLASTKu moustku mi:<;ai.aiiis rkhrr. P t. 2. p. «i. 

From vicinity of Snn Diego, Calif., to Washington; 2M to 330 fathoms; green 
nml yellow mud, or black sand and gravel. 

ANTK1.IASTKK COSCIN \CTIS Vis her. pt. 2. p. 70. 

OIT Santa Cruz Island, Calif.; 447 to alt) fathoms; black mud, rocks 

ANTKI.I ASTI'll MICKOOHN VS FMtcr. pt. 2. p. 73. 

Soutli of Santa Cruz Island, Calif.; 48 fathoms; fme gray sand. 

ANTKI.IASTKU M1CHOOKNYS NAN NOI)KS l Uhcr, pL 2. p. 7t. 

Bowen? Bank, Bering Sen; 247 fathoms; gray sand, green mud. 

T A ItS AST K 11 A I. ASK \ N l 'S H.hcr. pL 2. p. 7$. 

Oil Indian Point, vicinity Nairn Bay, Bclun Canal, Alaska; 24tt to* IDS fathoms; 
rocky. 

AMI'IIRIlASTKIt M A III \ N 1 S I.ud wif . p(. 2. p. M. 

From Tres Marias Islands, Mexico, to Washington; 277 to 07b fathoms; black, 
green, \eIIow mud, gray sand, rock*?. 

AM PI1 Kit ASTKIl CIIIROCM S Ihih.-r, pi. 2. p. M. 

OfT Santa Cruz Island, Calif.; 1 1 7 to .*>10 fathoms; black mud, rocks. 

AMI'IIKIMSTKIt ATACTI S Flfthrr. pL 2. p A*. 

OIF Los Coronados Islands, vicinity of Snn Diego, Calif.; 2 bb to 323 fathoms; 
gray sand. 

Subfamily I j A n I D t aste u i n a e Verrill 

» \TI1IU N \STKR CAl.irOHMCl S FUhrr. pt. 2. p. ». 

OIT California, from vicinity of Snn Diego to Point Arena; 207 to 3b9 fathoms; 
mud, gray sand, black sand, mud and shale 

Subfamily CosctNASTEKUNAE Fisher 

STY 1. AST KUI \S FORK Kltl ,V Cork. I , pi. 2. p. *. 

Southern Alaska to San Diego, Calif.; lb to 291 fathoms; usually on rocky 
bottom. 

IHSTOIrtHTKKl \S MCON < iMdorlHn . p(. 2. p I0J. 

Japan Sea (Peter the Great Bay); Japan; Hong Kong; low tide to M fathoms, 
sci.m \hti:ki \s iiktuhopaks n«hcr. pt. 2. p 112. 

Half Moon Bay to south of Snn Diego, Calif ; 27 to S3 fathom*; line sand, 
rocks, mud. 
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ASTRO METIS SERTUUFERA (Xuntus), pt. 2, p. 119. 

Gulf of California to Santa Barbara, Calif.; very low tide to 33 fathoms. 

ASTItOMETIS CALIFORNICA (Verrill), pt. 2, p. 126. 

Said to be from off San Francisco, but more likely from off San Pedro, Calif. 
Probably only a variant of sertulifera. 

LETH ASTEltl AS NANIMENSIS (Verrill), pt. 2. p. 132. 

Strait of Fuca and Strait of Georgia; 25 to 40 fathoms; gray sand, pebbles, mud. 

LETH ASTER1AS NANIMENSIS CHELIFERA (Verrill), pt. 2, p. 134. 

Saghalien to Bering Strait, thence to Gulf of Alaska off Kodiak Island (Kam- 
chatka, Commander Islands, Aleutian Islands, Bering Sea, Alaska Peninsula); low 
tide to 93 fathoms; sand, gravel, sand and mud, clayey mud. 

ORTHASTERI AS KOEHLER! (de Loriol), pt. 2, p. 139. 

Yakutat Bay, Alaska, to Santa Rosa Island, Calif. ; lowest tide and subtidal zone 
to 125 fathoms; rocks, rocks and sand or mud. 

forma KOEHLERL pt. 2, p. 1 15. 

Distribution of the species. 

forma LEPTOSTYLA Fisher, pt. 2, p. 145. 

Strait of Fuca; Behm Canal, Alaska; 39 to 100 fathoms; green mud, pebbles, 
rocks. 

forma RIORD1NATA Verrill, pt. 2, p. 146. 

Vancouver Island; low tide; rocks. 

forma MONTEREYENSIS Fisher, pt. 2, p. 146. 

Monterey Bay; subtidal zone; very rocky situations. 

Subfamily Pycnopodiinae Verrill 

LYSA3TROSOM A DESMIORA Clark, pt. 2, p. 151. 

Gulf of Tartary. 

PYCNOPODIA HELIANTHOIDES (Rrandt), pt. 2, p. 154. 

Unalaska, Aleutian Islands, to San Diego, Calif.; intertidal, in rocky situations, 
to 238 fathoms; sand. 

Lee Boone 31 has recorded from Espiritu Santo Island, Gulf of California, under 
the name Heliaster kubiniji (pi. 4), a specimen of Pycnopodia helianthoides which 
can not be located in the Bingham Oceanographic Collection. In a letter, Mr. 
A. E. Parr, in charge of the collection, informs me that some of the material of this 
expedition was inadequately labeled. Locality highly improbable for Pycnopodia. 

Subfamily Asteriinae (Verrill, part) 

All species and formae of this subfamily believed to be valid are treated in this 
volume and may be taken, seriatim, for a cheek list. 


11 Echinoderuis from the Qulf of California and the Perlas Islands, Bulletin Bingham Oceanographic Collection, vol. 2, art. 6, 
Dec., 1918, p. 7, pi. 4. 
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UST OK SI'KCIKS. .SGHSI’KCI KS. AND VAUIKTIKS OK \STKH1 I DAK IN VKKHII.I.S 
i'll A I.I.OW- WATKK STAHKISHKS. lit 1 1. WITH Til Kill Ittjl’I VAI.K.NT IN TIIK 
PHKSKNT MO NOG HA I’ 1 1 ” 


1’isaster ochraeeus. 60 

- var. nodiferus, 72 ... . 

- confer tun, 73 

fiviispinusi, 76 

brevispinus, 77 

eajtitalus, SI 

— lutkeni, S3 

lutkeni var. australis, SS . 

giganteus, SO 

papulosus, 01 

graiji, 97 

pn ucis pinus, OS 

Marthastrrias sertuli/cra, 106 

vtjfrriiw victoriana, 1 0*2 

polylhcla, 101 

nanimensis, 105 

aecrvata, 107 

katherinae, 112 

multiclava, 11-1 

Lepiastcrias inacqualis, 117 

leptalca, 119 

arctica, 120 

con, 123 

macouni, 121 

i’<j nro ii irr i, 125 

hrxactis, 126 

arqualis, 127 

acqualis var. com]Hicia, 130 

var. confinna, 132 

var. nnn/i, 132 

epichlora, 132 

epichlora alaskensis, 136 

alaskensis var. carinclla, 137 

ala.iken.vis var. siderca, 137 

— — ■ — miliar is, 1 3S 1J 

miliaris var. rcgularis, 139... 

miliaris var. suhregu la ris, 139 

miliaris var. subnod llosa, 130 

plrna, I 10 

pugrtana , 1 12 


/ \ ochraeeus. 

V. ochraeeus segnis. 
l\ ochraeeus forma nodiferus. 

V. ochraeeus forma con/erius. 

/\ ocliraceus forma ochraeeus. 

/*. brrn.ij>tMua forma &rcnt/m»n-i. 

/*. giganteus capital us (part). 

I*, giganteus (part). 

Do. 

Do. 

Do. 

/\ 6 rr pm pi mu* forma paucispinus. 
Leptastcrias pvlaris kaiherinae. 
f\ brevispinus forma paucispinus. 

Astrornctis sertuli/era (part). 

Ev aslerias troschclii forma troschclii. 
Lepiastcrias polaris aecrvata furma polylhcla. 
Lcthaslcrias nanimensis. 
fjeptasterias polaris aecrvata forma accriata. 
fseptastcrias polaris kathcrinac. 
lepiastcrias camtschatica. 

L. camtschatica dispar forma nitida. 
Evasterias troschclii, young. 

L. leplalca. 

L. arctica. 

L. coei (part*. 

Evasterias troschclii. 

L. hrxactis vancouieri . 

L. hrxactis forma hexaetis. 

L. pusilla. 

L. aequalxs forma acqualis. 

Do. 

Do. 

L. acqualis forma nana. 

L. hrxaciis (part). 

/,. alas ken sis (part . 

L. alaskensis (|>art). 

Do. 

L. hcxactis forma siderca. 

L. hrxactis forma regular is. 

E\astrr\as troschclii , >oung. 
fj hrxactis forma plena 
l. hrxactis forma regulars. 


11 Th«w gl\*n tn lh« or-lor of Lh<*\r oocurr«nc«\ ih« flsur* N towns th« n\m* U t h«* upon whtch tb* Jiwrr pi n win 

In llw r shl colu - o Is lb* e]tj vmlcnl form 

14 ThU ’’rifv’* irot*»bljr Inclu at lr*sl l« t I'd l I *ms of »h ch th<* * i r>yM *) t*» y i ns I kriaetu form* * b W 

the fhc myel a not mpr hably you ns PnttfrUi tr -#•*<.«/ for • alrtottla at «e*ni\ ** me \*> 1 An Ir ln« wu In] oit 1 t 1 
jfwrdm^n enn \>c t »un I Tlx* mrwurrmrou o l-cnt* f% youae ijwnifn ( K l* mm , r 5 mm 

Ttiu li in tber >ouns »i«rcim«n, pr t»hty nn In l.v i ml \ »r.»ni 1 Rxlmn 11. ktnciit. ivw- My l » younc 
* t r*)M EtcMtt ji it two nal r mdi; n • vc 1 tel \ecy an nunl f r i» ■ II llrxitinat 
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Leptastcrias dispar , M2 - 

— obtccta, M4 . - — - - 

Stcnastcrias i nacropora, 145 

Stcphanasterias albula , 147 

Ctcnastcrias cribraria, 148 

Evasterias trosehdii , 151 

troschclii var. rudis , 15S — 

troschclii var. dcnsa, 1G1 

trosehdii var. alveolata , 162 - _ 

— — trosehdii var. subnod osa, 163 _ 

troschclii var. parvispina, 1G3 

acanihostoma, 1G5 

Orthasterias Columbiana, 168 

biordinata, 173 - 

calif arnica, 174 

k odder i , 175 

dawsoni, 175- _ 

— merriami , 177 

forreri, 179 

forreri forcipulata , 180 

leptolcna, 182 . 

gonolcna, 181 

Distolasterias chclifcra , 1S5_ 

Parastcrias albcrtensis, 187 

Allastcrias rathbuni , 1S9 

rathbuni nortonensis, 191 

— anomala, 193 

Pycno podia helianthoidcs , 19S 


Jj. camtschatica dispar forma dispar. 

L. grocnlandica forma grocnlandica. 

S. macropora. 

S. albula. 

Leptastcrias grocnlandica forma cribraria. 
E. troschclii. 

E. trosehdii forma troschclii (part). 

E. trosehdii forma acanihostoma , young. 
E. trosehdii forma alveolata (part). 

E. trosehdii forma troschclii (part). 

E. troschclii forma alveolata, young. 

E. troschclii forma acanihostoma. 

0. kochlcri. 

0. kochleri forma biordinata. 

Astrometis calif or nica. 

O. kochleri. 

Astrometis sertulifera (part). 

Leptasterias coei (part). 

Leptastcrias polar is katherinae (part). 
Stylasierias forreri . 

Do. 

Do. 

Astrometis sertulifera (part). 

Lethasterias nanimensis chclifcra. 

Asterias amurensis. 

Do. 

Do. 

Asterias amurensis forma anomala. 

P. helianthoidcs . 


SUMMARY OF THE ASTERIINAE, NOTASTER1INAE, AND NEOMORPHASTERINAE 
OF THE NORTHERN HEMISPHERE 35 

This summary, like that for the southern hemisphere, is not a revision but a 
review. It will perhaps prove useful as a background for the foregoing detailed 
account of the north Pacific fauna. To avoid repetition of matter, all genera and 
species which have been treated in the main body of this work are followed by the 
page on which fuller information may be found. 

Subfamily Asteriinae (Verrill, part) 

Genus APH AN ASTERIAS Fisher, p. 159 

1. AP1I ANASTEUIAS PYCNOPODIA Fisher, p. 160. 

Genus APHELASTERIAS Fisher 

A phclastcrias Fisher, Ann. and Mag. Nat . Hist., ser. 9, vol. 12, p. 602. Type, ds/mas 
joponica Hell. 

Diagnosis . — Diplncanthid Asteriinae resembling 5-rayed SfepJtanasterias; abac- 
tinnl plates small, numerous, imbricated, with small papular areas, not longiserially 
arranged but in somewhat irregular transverse series, on either side of a definite 
carinal series; no aetinal plates; abactinal spinelets small (surrounded by circlets of 


15 Uencm arrange*! alphabetically; for key, sec page 3. 
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small crowd pedirellarino) isolated or in small groups the general surface having a 
neat appearnnee; superomarginnls and inferomarginnls regular, larger I him almc- 
tinnls, each healing ft transverse comh of three or four spines (the inferomnnrinnls 
the larger) which earry groups of crossed pedicellnrinc; papulae roinpound; tint 
fissipnruus; gonads opening just ahove superoinarginuls at a di»U nee fiom inter- 
brachial angle; straight pedieellariae small, compressed, lanceolate; no adnmhnla- 
cral spi tit' pedieellariae. 

1. AIMIKI. ASTKK! VS JVPOMCA (lldl). 

Aftertax jajuit.ica Hki.l. Proc. Z<»o1. K«»r I,< mini , IsnI, p. A to. pi. Is, la** i>. C>»i ♦*/ 1>« i • • 

min, Zonl. An/, vol. 125, 1002, p. 3115. t 'frrui' jupor t ct St in | ei i i\ n« i a I I »M 

.l*/<rin.t torqinttu Slaokn, Challenger A*ter«» ilea, p. 570, pi. 10J, fir* 1 *1 

1 have examined specimens from tin* following Japanese localities Olaru 
(Hokkaido), Same (Kikuokii), Avuknwa, Tsurugn (Krhi/en A “ingle 'penmen 
from Alh<i truss station 4S0S, Tsurugn Strait, IT fathoms, snnd, HielU, rom-e gravel, 
is referable to Slndon's torquata which deserves reeognition as a deep water forma of 
japan la i. See pi. 7 12, fur. *1.) 

- forma TO HOC VTA Stndcn. 

.p/rriM lor»/ nf<i SUDKV, lss't. j,. A 70 •• l Im* 1 1 

OIF Yokohama; Tsurugn Strait, 5 to 17 fathoms. 

Ccnu* AST1JU1 VS Linnaeus. p. 5 

1. ASTKItl Vs \ M I KKNSIS Mlikrn. p 6. 

ISTHMIAN AMI HHNS1S UOU.KSTOM IMI. 

.(AftririA roll* itom Hi.m, Pme Zool S #e lss) Mmim mun 1 MUJ, p 3.1 

.l*Vriav nrnmniii Sums |SV), \ 575 

{Until' run for fir tom Vruuilt. P>1 I p p»t, pi s.t I'c 3 3r jl M, fur. 1; 0 \t 10, 11 

Wanner waters of Japan. 

3. tsTI.K! VH \MI Kl NSls MlvIM r I s *,\cn 

, l item *<ir iK 'm< L t a.’iev « \.ir m , •* < "muon. .!< irn Iain. S c. It, l s 7.», 

p 132. 

AUoitmns tt yn in \')HUUI, lull, p 373 

Korean Strait The two types which I have examined are very immature, K 
being I ♦» mm. in the larger Tiny are possibly the young of rrrsicolor. The skin is 
mottled dark and IIltIi l brown, as in that sneeh s 

i \siruhs huiiiim i*** . 

it nffrooi rif/.» *»» Dfsor. Po r tl i >,.< Nut lliht \*l 3, is IS. p. (,7. 

firom* /a S ri vi rsov. Pr* c It* -t-n S«m Nat Hi I , \<>1. s t I st»| , p. 2i*s 

,t .iVrnru»i'A»i»n /^rv/ .« A \*. Pn-c Artur Aral Arts s'ci , 1 sr»3 

.1 ifrn i « fori- <u \fhrik. Pr«>r P< * i S«h Nat Hi * . Vul |0 t ISC.fi, p 315 Ct »»v. 

H.ll C S Pish (N.inri for 100 » p. 5V. pi I . !• tr I, 2; pi I 1 11,15 

l <f<nn* i» P m r,n ? r itorticrm « PritKOii. P* tir«*tl.»in*». |MV> p It, pi 1, t*c Pa. 

Maine to C « nlf of Mexico; low water (n 127 fathoms. 

X ASTIUhS RI lli:\s IJniurov 

t « Vri j r IjnsnMs, >>*t N it ol 10, 175s p Citil, t 1 1 J, 17o^ J JOon I,, r 

\ am \ n \ Pi krii a. |s75, p 17 i|t 1« r r J- » « nit / m i Simon, I s ni i 772, 

111 1 1 . ( \it al»>tna\ 1 suj. p 100 >\ j > \u t « *r is cl *’ r-/n Pi w wt. I 777, \ 
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glacialis Pennant, 1777 (not Linnaeus); Asterias violacca O. F. Muller, 17SS; Asterias 
holsatica Retzius, 1805; Asterias minuta Retzius, 1805; Aster acanthium distichum 
Brandt, 1S51; Asterias murrayi Bell. Various combinations of the above names 
under Asteracanthion, Aster acanthium, Stellonia , Uraster. 

From the White Sea and Iceland (but not Greenland) down to the Senegal 
coast; exceedingly common all around the British coasts. Accidentally in the Medi- 
terranean at Cette. From upper tide level to about 400 meters; exceptionally as 
much as 050 meters. (Mortensen, 1927.) 

6. ASTHU1AS VERSICOLOl! Sladcn. 

Asterias versicolor Sladen, 1S89, p. 573, pi. 104, figs. 1~4. 

The types were taken in depths of S to 50 fathoms off Kobe and Awadji Sima, 
Japan. I have examined the specimens from Challenger station 233, off Kobe. The 
species is obviously related to amurensis , but appears to be perfectly distinct from 
both amurensis and rollestoni . It will not be strange however if versicolor is found to 
intergrade with rollestoni. The general color is yellowish mottled with brown. Each 
abactinal spine is the center of a yellowish zone. The crossed pedicellariae and the 
straight pedicellariae are very slender. Sladen's figures are excellent. 

7. ASTERIAS VULGARIS Verrill. 

Asterias vulgaris Verrill, Proc. Boston Soc. Nat. Hist., vol. 10, 1866, p. 347. — Clark, U. S. 
Fish Comm. Bull, for 1902, p. 533, pi. 1, figs. 3, 4; pi. 4, figs. 16, 17. 

Asterias stimpsoni Verrill (part), Proe. Boston Soc. Nat. Hist., vol. 10, 1866. 

Asterias rubens Gould, 1841; Asteracanthion rubens Desor, 1848; Asteracanthion violaceus 
Stimpson, 1853; Asteracanthion rubens Stimpson, 1853; Asteracanthion pallidus A. 
Aoassiz, 1S63 (nomen nudum); Asterias vulgaris Packard, 1863 (nomen nudum); 
Asterias fabricii Perrier 1S75, p. 56; Asterias pallida Goto, 1898. 

In shallow water, this species ranges from Labrador to the eastern part of Long 
Island Sound, while in deep water it continues on to the neighborhood of Cape Hat- 
teras. Low tide to 358 fathoms, exceptionally to 633 fathoms (lat. 39° 15' N., long. 
72° W., Arcturus expedition). 

Genus EVASTERIAS Verrill, p. 139 

1. EVASTERIAS ECHINOSOMA Fisher, p. 152. 

2. EVASTERIAS TROSClIELll (Stimpson), p. 139. 

forma TROSClIELll, p. 141. 

forma ALVEOLATA Verrill, p. 144. 

forma ACANT1IOSTOM A Verrill, p. 148. 

Genus GASTRASTER Perrier 

Gastraster Perrier, Exp<5d. sci. Travailleur et Talisman, 1894, p. 103. Type, Pedicellaster 
margaritaceus Perrier, 1882. — Fisher, 1923, p. 596. — Mortensen, 1927, p. 137. 

Diagnosis. — Abactinal plates relatively large, imbricated in three very regular 
longisories; abactinal and superomarginal spinelets small, spaced, delicate; infero- 
marginal plates with an oblique series of three or four very flat, bladelike spines which 
form a prominent fringe along edge of ray; superomarginals broader than inferomar- 
ginals and abactinal plates, strongly imbricated, four lobed, bearing a crescent of 
small spinelets; actinal plates small, one corresponding to each inferomarginal; 
adambulncrals diplacanthid, the spines without attached pedicellariae; first adam- 
bulaerals not in contact behind mouth plates; the latter flare a little at inner ends 


ASTKKOIDKA OK NOllTH PACIFH * AXI> AHJACKNT WATKIIS HSHKIl 


207 


ami carry two suboruls and n liny lateral inti r^intil .spiuelel ; a few scattered very 
small crossed pedircllarine; ami a few very small broadly lanceolate straight pedi- 
cel hi ri no on actinnl surface; tube feel biserial proximal! v. 

The type and only known species is an immature form, which, when adult, may 
lose the primitive character of the skeleton especially of the mouth an^le 

The relationships of the puius are obscure. Perrier placed it in the l*fd'tcrlhi *- 
Undue while Mortensen believes it is nearer St‘cha*trr. As it stands, it is as isolated 
as Stichastrella and Xeotiiorphastrr. 

f» ASTI! AST KU M A HCi \ III TACKI'S (Ccrrlrrf 

I'tilicctlasUr tnargantaceun Fehhikh, Rapport Mir la Finnic hou<-mnrine He A. Milne Kdvuir U, 

1SVJ, p. 50. 

Gaslrustcr tnargantaeeus 1’krriku, 1M>I, p. IU3, pi. 11, fi«. 3. — .Moiitenm.n, 1927, p 137 
I have examined the type speeimen, K 17.5 mm. 

OIT the Azores; Hay of Biscay 93S to 1 ,225 meters; taken also at 53° 07' N , 11° 
50' \V. f 73^ to 900 meters (Mortensen), 

Genus LE!*TASTKK!AS VcrrIII, p. 23 
Submenus Leptastkuias Verrill, p. *21 

1. I.KCTASTKIII \S A IICTICA Murdoch . p. 21 

forma AllCTItW, p. 26 
forma If KICIXCKXSIS. p 27 

2. I.K CT AST Kill AS AlSTKItA (Vrrrltl . 

A ttrrias auslcra Ykiirill, Amer. Journ. Sci., vnl 111, IS95, p. 209. 
ficnrge’s Hank, oil Cape Cod, 33 to 35 fathoms (Verrill). 

1. I.KCTASTKHMS UMIKUI DJaWono*. p. 12 
1. I.KCTAST Kill AS OHO KM. ASDIC \ l.UiVen . p. |3. 
forma C.KOKM.AMUCA. p. IS. 
forma CltlllltAlll p. 17. 

5. Li: CT AST Kill AS lllsrilOXI.A Verrill. 

Lepta*t truis hispulrlla Vkhhiu., Aincr. Journ. Sci., vul. -40. 1S93. p 210. 

Albatross Station 2491, 45° 14' 30" X., 59° Of/ 45" W. (of! Nova Scotia), 50 
fathoms. 

“Allied to L. littomlis but has nmeh longer and very acute spines which are 
less numerous. ” (Verrill.) 

«. I.KCTAST Kill AS IIYLOOKS Hahcr. p. 15. 

7. I.KCTASTKIII AS ItVCKUnolIKA Oanlrlmrnand Korrn. 

/tjlrriax hyperborca Danielssen and Kokkn, N> l Mac. for XalurvicltMi^k. vot 27, lss2. 

p. 209; Norwegian North Atlnnlic Exp., lvW, p. 10, pi. 3, figs 1 7. 

.4 nnrmant Daniekssen and Koiikn, Njt Mni$ fur Nat irvMenpk, vol. 2s. Iss3, p 1, 

pU. 1, 2, figs. 1 9. 

t Axtcnas mtillcri var. floccosa Levinsen, Knrn-1 In vi ts Kclitn wit rinnta. tssb. 

Vicinity of Spitzbergcii; to 35 fathoms (see 5 on Molten, 1915, p 63 ; Bnllin 
Hay, 9S fathoms (see p. 31). Kxehksivrlv hi^h arctic. 

». I.KCTASTKIII \N I.KCTAl.K \ Verrill. p. II. 

>. I.KCTASTKIII \S UTTOltSUS Silm^n . 

AjfrroronfAion Itiloraha Stimcsov, Invert. C»r.v I Mat at*, 1^53, p. II ^Grwi. ! Mean. 
Hay of Fun 1\ 

. 1 a.Vruu httnralm Verhili . Fr«»e. H,» ton S »r. Nat Hut , vul 10. 1 m> 0. p 319 
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Lc plaster ins littoralis Verrill, Prelim. Check J Asi of the Marine Invcrlcbrata of the Atlantic 
Coast, from Cape Cod to the Gulf of St. Lawrence. New Haven, 1S79, p. 14. 

{T Casco Cay, Me., to Gulf of St. Lawrence; low tide to 23 fathoms. Allied to 
miiUeri. 

10. LEPTASTEIUAS MOlLF.IU (Sard). 

Astcrias hispidn Fennant, British Zoology, vol 4, 1777, pi. 30, fig. 5S (according to Morten- 
sen). 

Stcllonia hispida Forbes, Mem. Worn. Soc., vol. 8, 1833, p. 123. 

Uvastcr hispida Forbes, British Starfishes, 1841, p. 95. 

Astcracanthion mvllcri Saks, Archiv f. Naturges., vol. 10, 1S44, p. 169; Fauna litt. Norveg , 
1 Heft, 1840, p. 56, pi. 8, figs. 38-43. 

Astcrias mvllcri Norman, Ann. Mag. Nat. Hist., ser. 3, vol. 15, 1865, p. 127. For literature 
see Ludwig, Fauna Artica, vol. 1, 1900, p. 481. 

Lepiastcrias mvllcri Verrill, Proc. Boston Soc. Nat. Ilist., vol. 10, 1S66, p. 350. 

North Sea, Irish Sea, southwest Ireland; Shetland Islands; Iceland; Scandinavian 
coasts. The arctic records of miiUeri (Spitzbergen, Greenland, Siberian Sea) probably 
apply to hyperborea; while those of boreal waters from Maine northward, to L. tenera , 
or allied forms. 

11. LEPTASTERIAS OCHOTENSIS Brandt, p. 57. 

12. LEPTASTERIAS OCHOTENSIS SIMILISIMNIS (Clark.) 

Astcrias similispinis H. L. Clark, Bull. Mus. Comp. Zobl., vol. 51, no. 11, 190S, p. 288 
(Taraku Island, Hokkaido, Japan). 

Boreal waters of Japan. 

13. LEI*T ASTERl AS ORIENTALIS Djakonov, p. 40. 

14. LEFT ASTERl AS TENERA (Stimpson). 

Astcrias tenera Stimtson, Proc. Boston Soc. Nat. Hist., vol. 8, 1862, p. 269. 

Astcrias compta Stimpson, Proc. Boston Soc. Nat. Hist., vol. S, 1S62, p. 270. 

Astcracanthion jlaccida Agassiz, 1S63. 

Leptastcrias compta Verrill, Proc. Boston Soc. Nat. Hist., vol. 10, 1S66, p. 350. 

Lcptasterias tenera Verrill, Amer. Journ. Sci., vol. 7, 1S74, p. 504. 

lorma TENERA (Stimpson). 

Cape Cod to Newfoundland, 10 to 129 fathoms. 

lamia COMPTA (Stimpson). 

Atlantic coast of North America from north latitude 37° 19' to 45° 29'; 10 to 100 
fathoms. Large and abundant in the cold areas south of Rhode Island and Marthas 
Vineyard, in 20 to 50 fathoms (Verrill). 

Subgenus Hexasterias Fisher, p. 59 

15. LEP TASTER! AS AEQUALIS (Stimpson). p. 120. 

forma AEQUALIS, p. 12-1. 

forma NANA Verrill, p. 123. 

16. LEPTASTEIUAS ALASKENSIS (Verrill), p. 121. 

forma ALASKENSIS. p. 125. 

— — - forma SIIUM AGINENSIS Fisher, p. I2S. 

fonna PRIIULOFEXSIS Fisher, p. 12*1. 

17. LEPTASTEIUAS ALASKENSIS ASIATICA Fisher, p. 131. 

18. LEPTASTERIAS ALASKENSIS M ULTIPSIN A Fisher, p. 133. 

10. LEPTASTERIAS ALEIJTICA Fisher, p. 10!. 

20. LEPTASTEIUAS ASTEIRA Fisher, p. 103. 

21. LEPTASTERIAS CAMTSC11 ATICA (Brandt), p. 91. 
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22. I.III'T ASTI'lll VS 4'AM rs( II AIM A IHM*AI{ A will. p. 91 . 
form* Nil ll> A | l«hrr, p. M, 
form* MXIOTIS KUhrr, p. 96. 
lorma DIM* All, p. 97. 

ru i.kpta.ntkiii as ton \rrriii.p m. 

21 I KPTANTKKI AN cor.l TKITI I.KNTA KUh-r. p *r, 
r*. 1.1 1*T AS 1 Kill. A *4 III: wens (Silrn^n . p |*)7. 
fomt* HEX A OTIS. p. \<n. 
forma ASI*ftH V KUhrr, p 110. 
forma ItKOI I. AIMS Wrrlll. p III. 
forma MDKIUIA Arrrill, p. 112. 
forma I’UA’A Vrrvill. p. 113. 

2S. I.KPT AST Kill IS m:\MTlS V \S« OPVI.III Perrier . p. ||5. 
r. I.KPTASTKItl AS I.KPTODO.M A KUhrr. p. 103. 

>. KEPT ASrKItlAS POLARIS (Muilrr and Troarhrli. p fc). 

— forma 1*01, A IMS. p. 60. 

formaS I’ll AC KltV AT A KUhrr. p. GO. 

2v. LKPT AM l.ltl AS 1*01. A IMS HOHKALIH Perrier). p. 6|. 

30. I.KPT ANTK U1 AS POLARIS ICI:IIVATA S(imp-on . p 62 

forma A 1*11 KI.ONOT A KUhrr. p. 63. 

forma ACKIIt AT.A. p. 66. 

forma POI.YTIIKI.A AerrUI , p. 71. 

31. LKPTASTKIdAS 1 * 01 . AIDS KATII Kills A K Ora/ . p 77. 

32. I. KPT A ST Kid AS PI SII.L A KUhrr. p. ID. 

Submenus Nesasteuias Fisher, p. 1 A 5 

AT. LKPTASTKIdAS S ri>L AC A N Tl I A KUhrr. p. 133. 

(Icnus DISASTER Muller nnd Tro^rhel, p. 162 

1. PIS As r Kit Hit K Vis 1*1 N 1 S SlItnpMon , p. DO. 

forma lilt I* Ms PI \| S, p. M 

forma PAl'tTSplNI S . p. Dl. 

2. PlSASTKIt dlCASTKI’S Stimp*on'. p. 172. 

3. PlSASTKIt OIOANTKI S 4'APITATIS Scimp-»n . p. 177. 

4. PlSASTKIt OClMtACKI S Itrandt . p. IM. 

forma rONKKItrrs Sllmp«nn , p Itv 
forma 04*1111 A4*KI S. p. 163. 
forma NODIKKRI S A rmll. p 169. 

3. PlSASTKIt OCMltACKl s SKOMS KUhrr, p. 171. 

Conus ST KN ASTER I AS Vcrrill. p. I3N. 

I STKN AST Kill AS M ACUOPOHA Vrmll . p. 13>. 

(•enus STEPHAN VSTERIAS Vcrrill. p. 156 

1. STEPHAN AST Kill AS AI.I1I L A Mlmpxin . p. 137. 

2. STKPII AN AST Kid .AS OH A (‘IMS Perrier . 

.Wfrrin* gracilis I’K.RitiKit. Hull Mus. Cuinp. Zonl., \oI. tl, no. I, I SNl . p I; N, uv Well clu 

Mum. d’Uisl. Nat ., vol. 0. I s S I . p. 'JO l 

Mephannstcrian gracilis Vkhkiix. Trai^ Conn Xml, \ol. 10, p 22.1; \\\ t I ml an 

Stnrfiahes, 1015, p. 25. pi. 0. tip- 2 2c. 

Lessor Antilles, Gulf of Mexico olT Florida and olT Havana; olT en>t roa-i of 
Florida; f>G to 200 fathoms. 


(I onus STICH ASTK ELLA Verrlll 

Slithnslrtlla Vkrkm.l. Shallow - aa ntcr SliirfuhHi, I0H. p. in Fimikh. I‘‘23 j> .VC T\ ] \ 
.la/trin rofrn (J F. Muller 

Diagnosis . — Platt's small, with numerous, small, ^ramiliform, cIom*-m* 1 spineleU; 
Ren oral appearanre sn^eslinj: Hniriciu; nhncliunl skeleton close-knit with small 
papular areas, rather irregularly distributed (lorsnlnlemlly hut in definite inarpiiuil 
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and actinnl longiscrics; actinal plates in two or three series; carinals regular; supero- 
marginals slightly broader than inferomarginals; crossed pediccllariac surrounding 
papular areas, not in circlets around spinelcts; adambulacral plates with transverse 
series of three or four spines proximally, usually three dist ally, all devoid of attached 
pedieellariae. 

1. STICII ASTRELLA ROSEA (O. F. Muller). 

Astcrias rosea 0. F. Muller, Zool. Dan. Prod. 1776, p. 234. 

Slichasler roseus M. Sars, Oversigt af Norges Eehinodermer, 1SG1, p. S6. 

Slichasler roseus var. ambiguus Farran, Fisheries Ireland; Sei. Invest., 1912, no 6 (1913), 
p. 12, pi. 2, fig. 3. 

Stichastrclla rosea Verrill, 1914, p. 40. 

Bay of Bisca} 7 to Lofoten on the Norwegian coasts; British Isles; 4 to 430 meters 
(Mortensen). 

forma AMBIGUA (Farran). 

Off southwest Ireland, 400 to 1,300 meters. 

Genus TARSASTROCLES Fisher 

Tarsastroclcs Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. 12, 1923, pp. 597, 605. Type, 
Hydr aslerias vcrrilli Fisher. 

Diagnosis . — Sec key, p. 5. 

1. TARSASTROCLES VERRILLI (Fisher). 

Ilydrastcrias vcrrilli Fisher, U. S. Fish Comm. Bull, for 1903, pt. 3, 1906, p. 1106, pi. 41, 
figs. 3, 3a, 35. 

Hawaiian Islands, 2S4 to 290 fathoms. 

Subfamily Notasteriinae Fisher 
Genus ICASTERIAS Fisher 

Icastcrias Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. 12, p. 601. Type, Aslerias panopla 
Stuxberg. 

Diagnosis. — Abaetinal skeleton very weak, irregularly reticulate, sometimes 
degenerated into more or less disconnected plates; a definite series of carinal plates 
bearing acicular spines; a few dorsolateral isolated spines; marginals smaller than in 
Urastcrias ; superomarginals monacanthid; inferomarginals diplacanthid or sporadi- 
cally monneanthid; nlongiseries of spineless oblong intermarginal ossicles; adambulacrals 
diplacanthid; no actinals; crossed pedieellariae smaller than in Urasterias f with rela- 
tively stouter jaws, scattered thickly over the abaetinal and lateral surfaces, but not 
in wreaths or clusters on the abaetinal, marginal, or adambulacral spines; gonads 
opening just above superomarginal plates a short distance from base of ray. 

I. ICASTERIAS PANOPLA (Stuibcrg). 

Aslerias panopla Stuxberg, Ofversigt af Kungl. Vetensk Akad. Fdrhandl., 35te Argang, 
no. 3, 1S78, p. 32. — Danielssen and Koren, 1SS4, p. 17, pi. 5. — von Hofsten, 1915, 
p. 6S. 

Astmas panopla vars. brevimana , gracilis , inermis Kalischewsky, 1907, p. 46. 

Arctic; both coasts of Greenland, Spitzbergcn, Barents Sea, Kara Sea, east- 
ward to longitude 114° 35' E.; IS to 560 meters (von Hofsten). 
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Conus l HAST Kit IAS Yerrlll 

l rastcrtas VtHKiLL Ainer. Jtmrn. Sci , \ol. 2S, 1909, i>. 07; HU I, |>p. 61, Is7. Tyfx*, /t.*frr- 
acanthion Itucktt Muller and Tnwrhel. Hulier, 11*23, pp. 219, 699. 600. 

Diagnoiti *. — Large Xotnsteriinae wilh n weak abaetinnl skeleton consisting of 
small iohed plates united by slender ossicles into an irregular, loose, open reticulum; 
marginal plates conspicuously larger than dorsolateral, the superomarginals often 
trilobate proximally with a long descending process; earimil and dorsolateral spines 
aeieular, isolated, usually without but sometimes wilh wreaths of crossed pedicel lariae; 
crossed podicollnriae very large and of an unusual form, with slemlcr serrate jaws 
terminating in an unexpanded unguiculnte tip; marginal spines prominent, aeieular, 
one to a plate, the infero marginals with a very large cluster or cushion and the supero- 
innrginnls with a wreath of crossed pedieellarine ; very numerous, large, compressed - 
ovoid, straight pediecllariae; gonads opening just above superoinarginal plates in 
interbraehial angle; nctinals absent (or extremely rudimentary); adambulacral plates 
predominantly diplacanthid, the spines normally devoid of attached pediecllariae, 
although these, on peduncles attached to plates, are numerous on furrow margin. 

1. CRASTKHUS IJN'CKU (MUHcrand Trwwhrl). 

.*t 5 Urn can thion linrkii MCli.KU nn< 1 Thoscmkl, t M2, p. IS. 

.•t sUrticanihion stcllionurn Perrier, 1SG9, p. IS, pi. 1, Hr. 10. 

.•hfcriVw gunnrri Danielssen and Koren, N\t Mrr. Naturvid., vol. 27, p. 2 OS; 1SS*I, p. 7, 
pi. 2; pi 3, Ops, 8, 9. 

AjfmTijt hnrki var. robutta cl var. ffibmra Kamkciiewhkt, 1907, p. 51. 

Crastcria a Itnckii Vehrill, 1909, p. 07; 191 I, p. 62. 

Spitzbergen; Greenland ; Nova Scotia; Arc tic Ocean from Norway to New Siberia 
Islands; 5 to 2S0 meters (von Ilofsten, 1915, p. 00). 

2. I U AST Kill AS KNOCLA IWitHI . 

Aa/crina cnopla Yf.rrim., DiMrilmlion of tlir Krhinoricnns of Nerthoiudern America, Amor. 
Journ. Sci., vol. 49, 1^96, p. 20V 

OfT Nova Scotia, 53 to 100 fathoms. 

Possibly a young litickii. 

Subfamily Xkomorphastekinae Fisher 

Genus NKOM OR PI I ASTER Sladcn 

\comorpha*tcr Slades, Chatlenccr Asleroidea, ISS9, p. *130. Type, «Y rutttchus Stadci — 
Kisjieu, 1923, p. 690. 

Calycastcr Perkier, Coniples-rend , 1891, p. 1220; Mein. Soc. Zoo]., vol. *1, 1S91, p 25V 
Ty|»e, C. monofeua Perrier. 

Diagnosis. Abaci in ally resembling Zoroastrr: primary plates of disk forming a 
regular rosette; abaetimds and marginal sparsely granulated, imbricated in se\cn 
very regular longiseries (and in regular tninserie* ns well), with large papulae at the 
corners, also in longiseries; two or three series of actinal plates each carrying two or 
throe short, somewhat flattened spinelets; adamhulacrals diplacanthid, the spines 
without attached pedieellarine; ndoral earina composed of three or four pairs of postoral 
ndatnlmlarrals; tube feet qmulri^erial proximally, biserinl at end of ray; small crossed 
pedieellarine scattered on sides and ahnctinal surface; one or two straight pedieel- 
lariae on inner edge of every second adiunbulacral. 
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1. NEOMOlt IMt ASTER TAL1SMANI Perrier. 

Stichastcr talismani Perrier, Ann. sei. nat., vol. 19, art. S, 1SS5, fig. 22. 

Ncomor pliaster cuslichus Sladen, 1S89, p. 43S, pi. 66, figs, 3, 4; pi. 68, figs. 9, 10. 

Caly caster monoccus Perrier, Mem. soc. zool. France, vol. 4, 1891, p. 262; R6s eampag. sci. 

Prince <le Monaco, fase. 11, 1896, p. 2S, pi. 2, figs. 2, 2a; pi. 3, figs. 3, 3a, 

Wny of Biscay; Azores; off the coast of Morocco; southwest of Ireland; 400 to 
2,000 meters, exceptionally to 5,413 meters. (Mortcnsen, 1927.) 

2. NEOMOKPilASTEK FORCIPATUS Verrill. 

X comorphastcr forcipalus Verrill, Proe. U. S. Nat. Mus., vol. 17, 1894, p. 269; Ainer. 

Journ. Sci., vol. 49, 1S95, p. 206. 

Off Georges Bank and south of Marthas Vineyard, 852 to 990 fathoms. 

1 have examined No. 11131, U.S.N.M., listed by Verrill as one of his types. 
Verrill writes (1894, p. 270) that there are “attached to the adambulacral spines and 
in the ventral interradial spaces many acute, ovate, forcipato [straight] pedicellariae, 
often mixed with crossed pedicellariae and scarcely exceeding the latter in siz3.” 
I find no pedicellariae whatsoever attached to the adambulacral spines which arc two 
to each plate. On the furrow face of alternate adambulacral plates are single small 
straight pedicellariae or groups of two and three. I find no actinal interradial 
straight pedicellariae but crossed ones larger than the lateral and dorsal. This 
species appears to be a typical Neomorphaster. 

The broad carinals are flanked by a single series of much narrower dorsolateral s; 
these arc followed by superomarginals as broad as the carinals; then a row of in- 
feromarginals about as broad as the dorsolaterals; then a row of actinals, on the 
side of ray proximally and forming the ventrolateral border distally. Between 
these and the adambulacrals are two short rows of ventral actinals, the outer scarcely 
reaching middle of ray, and each plate bearing three or two spines, as do the distal 
plates of the lateral actinal series (which distally defines the actinolateral margin of 
ray). 

LIST OF SPECIES AND VARIETAL NAMES AFPLIED TO ASTERIINAE, NOTASTE- 
R11NAE, AND NEOMORPHASTERINAE OF THE NORTHERN HEMISPHERE 

In the first column is given the species and original deseriber; in the second 
column, the original genus and date; in the third column, the genus to which the 
species has been assigned in the foregoing summary. 

Valid species and forma names are in roman; synonyms in italics. 

aeantliostoma Verrill Asterias, 1909 Evasterias. 

aeervnta Stimpson Asterias, 1862 Leptasterias. 

aequalis Stimpson. . Asterias, 1862 Leptasterias. 

alaskensis Verrill _ Asterias, 1909 Leptasterias. 

albcrtcjisis Verrill . Parasterias, 1914 Asterias. 

albulus Stimpson Asteraeanthion, 1853 Stephanasterias. 

alveolata Verrill _ Evasterias, 1914 Evasterias. 

amhiguus Farran Stiehaster, 1913 Stiehastrella. 

amurensis Liitken Asterias, 1871 Asterias. 

anomala Verrill . Allasterias, 1909 Asterias. 

arctica Murdoch. _ Asterias, 1885 Leptasterias. 
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japoniea Boll. 

katherinae Gray 

Icptalca Vo r rill 

linckii Muller and Trosehel 

littoralis Stimpson 

longimana K al isc 1 le wsk y 

lutkcnii Stimpson 

macouni Verrill 

niacropora Verrill 

margaritaceus Perrier 

margaritifcr M tiller and Trosehel 

merriami Verrill 

me.xicanum Llitken 

migratum Sladen 

miliaria Verrill 

mi tint a Fa brie i us 

minula Rctzius 

monoccus Perrier 

inulleri Sars 

mulliclava Verrill 

murrayi Bell 

nana Verrill 

na uta rum Bell 

nil i da Verrill 

nodiferus Verrill 

norjnani Danielssen and Koren.. 

Jiorlonensis Verrill 

novacboracensis Perrier 

obtccta Verrill 

ochotense Brandt 

oehraeea Braudt 

orientalis Djakonov 

pallid us A. Agassiz 

panopla Stuxberg 

papulosa Verrill 

pandspina Verrill 

paueispina Stimpson 

pcclinaia Brandt 

philippii Bell 

plena Verrill 

polaris Muller and Trosehel 

polythela Verrill 

problem a Steenstrup 

pugclana Verrill 

pycno podia Fisher 

rat kb uni Verrill 

regnlaris Verrill 

robusta Kalischewsky 

rollestoni Bell 

rosea O. F. Muller 

rubens Linnaeus 

rudis Verrill 

saanichcnsis deLoriol 

satsumana Doderlein 


Asterias, 1SS1 

Asterias, IS 10 

Leptasterias, 1914 

Asteracanthion, 1S42 

Asteraeanthion, 1S53 

Asterias, 1907 

Asterias, 1861 

Leptasterias, 1914 

Asterias, 1909 

Pedicellastcr, 1SS2 

Asteracanthion, 1S42 

Orthasterias, 1914 

Asteracanthion, 1S59 — 

Asteracanthion, 1879 

Leptasterias, 1914 

Asterias, 17S0 

Asterias, 1S05 

Caly caster, IS9I 

Asteracanthion 

Asterias, 1914 

Asterias 

Leptasterias, 1914 

Asterias (p. 24) 

Stichaster, 1S66 

Pisaster, 1914 

Asterias, 1S83 

Allasterias, 1909 

Asteraeanthion, 1S69 

Leptasterias, 1914 

Asteracanthiuin, 1851 

Asterias, 1835 

Leptasterias, 1929 

Asteraeanthion, 1S63 

Asterias, 1878 

Asterias (Pisaster), 1909 

Evasterias, 1914 

Asterias, 1S62 

Asterias, 1835 

Asterias, I SSI 

Leptasterias, 1914 

Asteracanthion, 1S42 

Asterias, 1914 

Asteracanthion, 1857 

Leptasterias, 1914 

Aphanasterias, 1923 

Allasterias, 1909__., 

Leptasterias, 1914 

Asterias, 1907 

Asterias, 1S8I 

Asterias, 1776 

Asterias, 1758 

Evasterias, 1914 

Asterias, 1897 

Asterias, 1902 


Aphelasterias. 

Leptasterias. 

Leptasterias. 

Urasterias. 

Leptasterias. 

Leptasterias. 

Pisaster. 

Evasterias. 

Stenasterias. 

Gastraster. 

Pisaster. 

Leptasterias?. 

Leptasterias. 

Asterias. 

Leptasterias. 

Leptasterias. 

Asterias. 

Neomorphaster. 

Leptasterias. 

Leptasterias. 

Asterias. 

Leptasterias. 

Leptasterias. 

Stephanasterias. 

Pisaster. 

Leptasterias. 

Asterias. 

Asterias. 

Leptasterias. 

Leptasterias. 

Pisaster. 

Lepatsterias. 

Asterias. 

leasterias. 

Pisaster. 

Evasterias. 

Pisaster. 

Asterias. 

Leptasterias. 

Leptasterias. 

Leptasterias. 

Leptasterias. 

Stephanasterias. 

Leptasterias. 

Aphanasterias. 

Asterias. 

Leptasterias. 

Urasterias. 

Asterias. 

Stichastrella. 

Asterias. 

Evasterias. 

Evasterias. 
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. . 
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. . _ 
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. 

Valerias, 1NS0 . 
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Astoria a, 1000 

Kvaatrrias. 

violacta O F. M Oiler 

„ . . 

Asterias, 17SS 

Astoria*. 

vulgaris Wrrill . 
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SUMMARY OF THE GENERA AND SPECIES OF ASTERIINAE AND 
NOT AST E RI I N A E OF THE SOUTHERN HEMISPHERE 

The following synopsis is not intended to be a revision in the usual sense, since 
I have not had suflieient material for such an undertaking. It is an attempt to 
set in order the species of Asteriinae known to occur in the Southern Hemisphere, 
particularly in antarctic and subantarctic regions. I have also essayed to define 
more sharply a number of genera which are still poorly understood. 

Diplasterias Perrier has been resuscitated for Asterias brandti and near rela- 
tives. There seems to be no alternative under existing rules of nomenclature but 
to recognize this name and to discard Podasterias which was first used by Perrier 
for a Cosinasterias, then for Diplasterias ; later by Koehler (1912) for Diplasterias 
spinosa; still later by Verrill (1914) for Diplasterias (part). 

So far as known no genus of southern Asteriinae and Notasteriinae is repre- 
sented (at least well authenticated) in the Northern Hemisphere. 

The following species have not been assigned a place in the summary. 

Cosmasterias radiata Koehler, 1923, p. 36, pi. 2, fig. 5; pi. 3, figs. 1, 2. This 
species does not seem to me to be congeneric with Cosmasterias lurida. It was dredged 
from Shag Rock Bank between south Georgia and Falkland Islands, 160 meters. 

Diplasterias spinosa Perrier, 1891, p. 82. Koehler, 190S, p. 273; 1912, p. 17, 
pi. 1, figs. 2, 9; 1917, p. 29. This species was assigned to Podasterias by Koehler 
in 1912 as sole species, and in 1917, with hesitation, to Cosmasterias. Koehler 
indicates that there are three longiseries of actinal spines, but an .examination of 
his photograph of the actinal surface in conjunction with Perrier’s description sug- 
gests rather that the inner series is referable to the actinal plates, while the two 
outer are on the inferomarginal plates — as in Diplasterias. This interpretation and 
the absence of definite longiserial arrangement of abactinal spines would rule out 
Cosmasterias. The long narrow adoral carina is not found in Diplasterias , ss. The 
species probably represents a new generic group, as Doctor Koehler has already 
suggested. (1917, p. 29.) 

The type and only known specimen was taken latitude 47° 29' S., longitude 
66° 45' W. 

Gastraster studeri de Loriol, 1904, p. 34, pi. 4, figs. 3, 3a-3/. Verrill, 1914, p. 360. 
The type is probably a very immature Cosmasterias lurida and was taken along 
with adult lurida at Port San Antonio, Gulf of San Mathias, Argentina. It is 
certainly not congeneric with the type of Gastraster } G. margaritaceus } which I have 
examined at the Museum dTIistoire Naturelle. 

Asterias borbonica Perrier, 1875, p. 61. The type in the Museum dTIistoire 
Naturelle carries a label “ Parasterias borbonica — I Bourbon, 1852.” It is now 
in alcohol but was dried at one time. R. 17 mm., r 5 mm. The specimen probably 
represents a young Sporasterias } but no examination of the gonads was made. 

Reunion Island, Indian Ocean, latitude 21° S. 

Asterias inermis Bell, Proe. Zool. Soe., 1881, p. 512, pi. 47, figs. 2, 2a. The 
type, supposed to be from Ecuador, is in reality Leptasterias groenlandica forma 
cribraria , probably from Bering Sea. (See Fisher, 1926, p. 198.) 
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Astfrias nautarutn Boll. Listed by Sladon, 1SS0, p. N2L The Ivpo specimen 
labeled “Ecuador, llnssler ( 'ollrclion," is LfptasUriax arctica (Murdoch) nnd is 
probably from Bering Sen. (See Fisher, 1020, p. 10S, and anion, p. 21.) 

Astiria# philippSi Bell, l’roc. Zoul. Soc., lssl, |>. .'ill, pi. 17, fi^s. 1, In. The 
two lypcs in the British Museum an* labeled “South America, !!nsd< r Coll.” TIicm* 
specimens arc Leptastrnas polaris acrrvnta (Slimpson), with n w ell-developed central 
spine to each abaclinal heap of enlarged granules. They arc very nearly identical 
with Stimpson’s type of Asteruis acermta and undoubtedly came from Bering Sea. 

Astcrin# frarjilis Sluder, Trans. Hoy. Acad. Sci. Berlin, l^si; Fnnjuhnr, 1000, 
p. 127. Fnrqulmr gives a translation of the original description. The type meas- 
ured K 10S nun., r 1 mm.; breadth of ray at base, S mm. Sluder places it next 
to Co* mast? rid* lurula. It is obviously voting. Found east of Xew* Zealand, 3:7° 
21' S., 1 75° 10' E. f 507 fathoms. 

Astfrias (Smilastrria'i) Urwirli Kmilic Goldschmidt, Ann. Mag. Xal. HLt., 
ser. 0, vol. M, 1021, p. *100, text figs. 1 to 3. This species does not belong to the 
Asteriidae. 

Subfamily Astekunae Verrill (emended) 

Kn TO Till. f.rNK.\ OF ASTF.HIIV IK Or THE .HO THTHN II K W L I’ll £ K E 

a 1 . Pintos of ihc nhactinnl surface of ray have the appearance of forming rather definite longi- 
tudinal scries even when the dorsolateral* are not in regular series in this ca*c the dorso- 
lateral region is narrow and dominated by t lie broad enrinals and mijh romarginals) ; 
almetinal plates generally with several spinelcts or granules, but if with < nly one spine, 
then this is small and not conspicuous; ndnmbulncral plates never carry attached j>edi- 
rellanae singly or in clusters, although straight prdiccllnriae may occur on oral spines 
and on furrow margin of ndnmbulncral plates. 

6*. Admnbulacral plntis with two spines. 

c 1 . Actinnl plates in one series or rudiment of second! dominated by the inf< romarginnls 
which form the ventrolateral margin of ray; no large unguioulntc straight jsabcella- 
riae; crossed |>ediccllnriuc scattered, not in clusters of wreaths around almetinal spinis; 
supcromarginals conspicuously. broader than the inferomarginaU. 
if 1 . C'nrinals and supcromarginals of exaggerated width in proportion to lcigth; dorso- 
lateral area broad, the plates in three to five series on each side of the cannaU; one 
nuulrcporic body; not ti*M parous; su]>eroimirginal plates without leaded art a on 
surface; gonoducts open dorsally, those of male with a proximal ^wtllug; intir- 
brnchial septa heavily enleiticd. Includes Coelareriai australtv Vtrrill, 11 rays . 

Stichastcr Muller and Tr cl cl. 
rp. Cam aN and MiperoiiiarginaU broader than other plates but not excessively so; durso- 
lateral area narrow, the plates in a single straight or zigzag sirii* inltogctlu r, three 
series of nhactinnl plates); fisMpnrous; multiple madroporic bodies; s i|xTomarginal 
plates with bended surface Allostichaster Verrill. 

tP. Young Dip/fMtrrifM mav lead here; see und* r n 1 . 

r* Actinnl plates in two or more j minim nt sern s forming the actinal or the nclmal ami nctino- 
lateral * irf ices of rn> and n »l d umiuvltn 1 or ov< rliung bv the mferomhrginaU 
•/*. lwrgc nnguicnlate striight |>e he Marine; ncthiostome sunken, the nd irnl carina long, 
consisting of m >re th in three pvirs of contiguous |>o*l >ral n lamhulncral pink* 

Cosmaslrnaj >la kn. 

*P. No large unguirukite |* dicellnruie; net ii**» tome n u n m , n 1 r-d rme.» **l >rt, c< n* 
suiting of one or two pair* nf contiguous |x«dorn) aclainhularml plat* . l’lnt<* 
large with course, ofu n capitate, glol?< -e s| mt s aid lubercW; nl nctmnl *krlct« n 
with large, mire or le s 1 rr< g i In r m'*his in two d>r oliUr.d <* nr* on ciiltr s ic 
of the trreg dar c inn il s ne*; i|»cromnrgm*il with one to several capitate, sto it 
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spines; infcromarginals with one to three spines; one to three series ofaetinal plates, 
usually two or three; one well defined though sometimes irregular scries of dorso- 
lateral plates; adambulacrals very regularly diplacanthid Uniophora Gray. 

IP. Adambulacral plates monacanthid; dorsolatcrals not very numerous, trilobed, in one or two 
fairly regular series, more or less concealed by integument; superomarginals very broad; 
infcromarginals (each bearing an oblique comb of two to four prominent spines) form a 
sharp ventrolateral border to ray; an inconspicuous series of aetinal plates; rays short 

and thick ; gonads open vent rally Calvasterias Perrier. 

a 2 . Abactinal skeleton an irregular net with meshes of various sizes, the plates being sometimes 
closely but irregularly imbricated by their lobes; abactinal plates not in rather obvious 
longitudinal series (but occasionally in more or less evident transverse series); carinal series 
usually but not always distinguishable and frequently very irregular; body sometimes cov- 
ered by a pulpy skin which obscures the plates and sometimes even the spinelcts. 

6 1 . Adambulacral plates with two, rarely three spines, which never carry attached pedicellariae, 
although large and small straight pedieellariac may oeeur on the surface of the plates or 
on fleshy peduncles attached to plates near base of spines; clusters of the latter in dried 
specimens occasionally appear to spring from the spinc-sheath, but in reality do not. 
cK Abactinal plates and spinelcts normally developed; both series of marginal plates nor- 
mally developed. 

(IK An actinolatcral chevaux-dc-frisc of infcromarginal spines in transverse series of three or 
four; abactinal spinelcts numerous, small, closc-sct; snperomarginal spines small, 
not forming a well-differentiated, single or double longiserics; pedicellariae scat- 
tered, not in circlets at base of spines, nor on sheaths surrounding spines; skin not 
thick or puffy. 

c l . Actinolatcral spines devoid of attached pedicellariae; aetinal spines in one series or 

absent; gonads opening dorsally Smilasterias Sladen. 

e 2 . Aetinolateral spines carrying pedicellariae; gonads opening ventrally; paedophorie; one 

series of aetinal spines Neosmilaster Fisher. 

d 2 . Supermarginal, infcromarginal, and aetinal spines forming longiseries with circlets or 
bouquets of pedicellariae; abactinal crossed pedicellariae associated with spines, in 
circlets or attached to the base. 

e l . Spinelcts slender, mobile, more or less sheathed with soft skin carrying crossed pedi- 
cellariae; gonads opening ventrally; young brooded by adult; superomarginals 
monacanthid or diplacanthid; infcromarginals monacanthid or diplacanthid; one 
or two scries of monacanthid aetinal plates (exceptionally spineless); adambula- 

erals regularly diplacanthid Diplasterias Perrier. 

c 2 . Spinelcts coarse, tubcreulatc, sometimes very large, capitate or globose; skin not soft 
or pulpy; gonads opening dorsally; actinals in one to three series. -Uniophora Gray. 
c 2 . Either the supermarginal plates, or those of both series, not easily distinguishable; abacti- 
nal skeleton well developed; infcromarginal spines not in close-set transverse series. 
d 1 . Only the infcromarginals, of the two series, clearly distinguishable; to them are joined 
small lateral transverse arcs (containing the superomarginals) separated, consecu- 
tively, by broad papular areas or skeletal spaces; abactinal skeleton an irregular 
network of plates, without indication of a carinal series; abactinal and infcromar- 
ginal spinelcts slender, cylindrical, in small groups; two long adambulacral spines; 
ainbulacral furrows wide, with large 4-rankcd tube feet; rays 9 or 10. 

Saliasterias Koehler. 

<P. Marginal plates not superficially distinguishable; a close granulation more or less uni- 
form, without serial arrangement, interspersed with scattered pedicellariae, overlies 
relatively large three to five lobed plates in an irregular abactinal reticulum; mar- 
ginals four lobed; an incomplete series of actinals; size small; gonads opening ven- 
trally. (Includes Hemiasterias Verrill, type G. biscriatus Koehler.) 

Granaster Perrier. 
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f 4 Abnctinnl skeleton weak < r i No abortive; abnctinnl iuteguuiei t thick, papilhoe; on actual 
plates. 

d x . Marginal and abnctinnl platen present; marginal plates well de\tloj*d; tic Mifja n»* 
marginal# with one spine wreathed with pedicellnrine and hnxing hug detrending 
proreiM‘8 which form n broad, \ertiral, interrnnrginnl channel; li f« mmurcinal with 
two Wehbed spines each with a cluster of j>ediccllnrinc «*n outer fare ; nbactmnl 
surface soft, rather irregularly and finely papillose; almrtinal plates thin witl rudi- 
mentary spineletn only forming an irregular reticulum entire!} concealed b\ the 
skin; inti rbrachial septum strongly calcified; gonads oj*-ning \entrally, eggs huge; 
good sired, broadlv lanceolate, straight pedicellariae on furrow margin; two pairs of 
|H>storal adamlmlacral plates contiguous; adambulacrnl plate# regularly dipla- 
eanthid ... .... Cryptastcnaa Vernll. 

*P Neither marginal nor abnctinnl plate# present, the skeleton reduced to the ambnlncral 
ami ndnmbtilacral systems. (See see. a A) . . . . Adelastenas Vernll. 

IP Adamlmlacral plates with a single spine, devoid of attached jM'dicellariae. 

eh Abnctinnl skeleton more or less well developed, consisting of lol>cd and oblong | lates m ited 
into an open or fairly close meshwork, in which not very regular lot giseric# can some- 
times be distinguished; abnctinnl spiuelct# fairly to very numerous; skin typically 
not unusually thick pulpy and rugose (exceptions); actinal plates in oi-c scries may 
be absent in young). 

c/h Abnctinnl and superomarginnl spines surrounded by circlets of crossed isMtcrllnrinc; 

inferoinnrginal and actinal spines cylindrical or clavate, the former, two or three to 
a plate in an oblique series, with an associated group of crossed |K‘<hcc*llariae; 
paedophoric Sporastenas Perrier. 

tP. Pedicellariae rare and scattered, not in circlets around abnctinnl and su|>oroinnrginal 
spinclets; iufcromnrginal and actinal spines chisel shaped, devoid of pedicellariae, 
closely coordinated into oblique transverse combs forming a chcvnux-dc-frise alor g the 

actinolatcral border of ray; gonads unknown Eromasterias PNhrf. 

c 2 . Skeleton hidden under a pulpy, sometimes very rugose pustulated skin; abnctinnl skeh ton 
irregularly reticulate, weak, with few spinelets; gonads owning vcntrally. 

(P. Skin very thick, complex, pustulated, the abnctinnl spines being surrounded h\ the 
same caulillower structure; nctinals spineless; rays eight or nine; adambulacrals 
diplacanthid at base of ray Koehleraster Pisl < r. 

(P. Skin thick but not having a complex cauliflower structure. 

ch Both series of marginals well developed Anasterias Pc rrii r 

rh Siq>eroinarginals weakly developed, forming a rather irregular series and bearing sp«*- 

rndieally isolated spinelcts Kalyptastcnas KoeMcr 

Adambulacrnl plates with a crowded transverse comb of four or five spines [ three to six) 
which carry atlachrd policrllariac; actinal area extensive with three to six longiMru* of 
wcll-develo|»ed -l-lnlicd, spiniferou« plates; mouth angle rather broad, without n in- 
pressed adoral enrina, two or three postoral pairs of ndainl»ulncrftl plates in contact; 
gonads opening dopuillv . . . Penssastenas Clark. 

*• Abactinal surface devoid of a connected skeleton, soft and flexible, the abnctinnl plates, if 
present, isolated, spaced, and su|M rficially inxiftihlc. 

b l . Marginal and abnctinnl skeleton consisting of lateral spaced, traus\crse Ui gut's cf plates 
(comjiosed of two reduced marginals plus sometimes one or several abactinals abuttii g 
on the adambulacrnl plates; dorsal surface with much reduced, disconnected, scaiti ml 
platelets; dermis thick, surrounding the spinelets in mammillated pustules; adnmbulncrals 
monneanthid; gonads opening xentrnll}. (A nastrria* authors, not Perrier.) 

Lysastcnaa Fr«d rr. 

0 3 Neither marginal nor abnctinnl plates present, the skeleton reduced to the nmbulncral nid 
adambulacrnl systems; body covered with numerous papillae, containing each a sh nder 
spinclct, dis|K>sed without order on all surfaces; ndnmbulncrnls diplacanthid. 

Adclutcnaa \ ernll. 
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Adclastcrias Verrill, Shallow-water Starfishes, 1914, p. 360. Type, Diplaslerias papillosa 
Koehler. — Fisher, 1923, p. 607. 

Diagnosis. — Neither marginal nor abactinal plates present, the skeleton reduced 
to the ainbulaeral and adambulaeral systems; body covered with numerous papillae, 
each containing a slender spinelet, disposed without order on all surfaces; adambu- 
lacral plates diplaeanthid. 

I. ADELASTERIAS I'AIMLLOSA (Koehler). 

Diplastcrias papillosa Koehler, 1006, ]>. 21, pi. 1, figs. 2-5; pi. 2, figs. 18, 19; 1912, p. 21. 

Graham Land and vicinity, western Antarctica; low tide to 6 meters. 

Genus ALLOSTICHASTER Verrill 

Alloslichastcr Verrill, Shallow-water Starfishes, 1914, p. 363. Type, Asteracanthion polyplax 
Muller and Troschel.— Clark, 1916, p. 70.— Fisher, 1923, p. 575. 

Diagnosis. — Body covered with small granuliform spinclets; skeleton close-knit, 
the plates in definite longiscries; earinals and superomarginals broader than other 
plates; inferomarginals forming ventrolateral edge to ray; dorsolateral area narrow, 
the plates in a single straight or zigzag series (altogether three scries of abactinal 
plates); one series of actinal plates; inferomarginal plates with oblique transverse 
scries of a few spinclets along ventrolateral margin of ray; cleaned supermarginal 
plates with minutely beaded surface; adambulaeral plates diplaeanthid; pcdicellariae 
scattered among spinclets; multiple madrcporic bodies; fissiparous; rays six to eight. 

1. ALLOSTICHASTER POLYPLAX (Muller and Troschel'. 

Asteracanthion polyplax MOller and Troschel, Arch. Naturges., 1844, p. 17S. 

Aslcrias polyplax Perrier, Rev. Stell., 1875, p. 63. — Clark, Echinoderms Western Austra- 
lian Mus., 1913, p. 151. 

Stichaslcr polyplax Sladen, 1SS9, p.432. — Farquhar, 1897, p. 196; 1S98, p. 313; 1909, p. 129. — 
Beniiam, 1909, p. 15. 

Tarsasier ncozcalanica Farquhar, Trans. New Zeal. Inst., vol. 27, 1895, p. 207, pi. 12. 

Alloslichastcr polyplax Clark, Biol. Res. Fishing Exper. Endeavour , vol. 6, 1916, p. 70. — • 
Koehler, 1920, p. 85, pi. 18, fig. 7-11; pi. 69, fig. 2. — Mortensen, 1925, p. 315, fig. 19a, 5. 

Tasmania, Australia, New Zealand. 

2. ALLOSTICHASTER INSIGNIS (Farquhar). 

Stichasicr insignis Farquhar, Trans. New Zeal. Inst., vol. 27, 1895, p. 205, pi. 13, fig. 1; 
vol. 30, 1S9S, p. 18S; Proe. Linn. Soc. New South Wales, 1898, p. 314. — Beniiam, 1909, 
p. 15. 

Allostichaster insignis Koehler, 1920, p. S5, pi. 20, figs. 2-7; pi. 65, fig. 2. — Fisher, 1923, 
p. 595. — Mortensen, 1925, p. 316, fig. 19, c, d. 

Now Zealand; Auckland Islands. 

3. ALLOSTICHASTER INAEQUALIS Koehler. 

Alloslichastcr inaequalis Koehler, 1923, p. 50, pi. 1, figs. 7, 8; pi. 7, figs. 1-3. 

Magellanic region, 7 to 100 meters. 
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<. \IJ.OSTH II \STKH n \HTI Ujihbun . 

/.r;*Nnfrnoi hnr* n It K\Tiitn s. Krhit • •< l«*r «ti uf Hri/il. Tr.it ^ Corn \cfnl. r^ri., \ol. 5 f 
ls7i>, i» 1 l."» \ I itmt I , l M m 23 

Tlio ty pe whs taken about 3U miles east of Cape Brazil, in tV2 fathoms. 

I have a specimen from the Mihriim of Comparative Zoology labeled *• Patagonia, 
•H fat horns ” which, like tin* type, Ini* -i\ rays and measures K 19 mm., r 3.o mm. 
It has one larger and two smaller madreporie Imdn s. 

Another species which probably belongs to Allo*tichii'tfr is S!r pfiauasteritis hrhts 
Vcrrill (PUo, p. 2<>, pi. 9, li«r. 3), which was taken by the Albatross at station 27i>6, 
oil llie east coast of South America (hit. 3f»° 47' S. ( long. ot’»° 23' \\\). The de- 
scription isincompletehnt theaetinal aspect of the ray, as figured. suggests Allosticlutsirr 
rather than Stfphaiuistrrins. It is possible that the specimen of hnrtii referred to 
above, really I admits in lirbri. 

5. \L1.0ST10IASTKH llKCl I.UUSdark. 

AttinUcha^t r regular n Ci.iuk, Her. South Austral. Mu- , \ul 3, No. 4, 192s, p. 1(H), lie. 115. 

South Australia: Spencer and St. Vincent (iulf-. 

tlenus \.\ASTKHl VS Perrier 

.ImuffruM Pk Kin Eli, W\. Soil . 1 s75. p. si; is M p !M Tvp\ .1 unit ran min iOi Pi rrier — 
Kishek, Smithsonian MUc. I ’ »tl , vol. 52. 111 IS. p %>2;Zool Anr. , v< 1 33, lh'tS, p. 35*»; Ann. 
Mai?. Nat. Hist., M»r. 9, v»>l. It), 1922, p 592; \ol. Is, prjo, p. 197. 

.1 jfrro«7« rmu Pkrhikh, Comples-rcml , \«*l 100, no. ll.lssS, p. 7<»3; Mi sion sei. Cap Horn, 
l MU. p. iMV 

I Nat .h.fl-Wiri/a Ludwig, 11103; i «»r Koehler, HMIti. 1 Mis, 1912. 1020. 1023; nor \ » rrill, 1911. 

S’i* ) 

I )nnjnosi'i. Resembling Spor<i*tt ri*i< hot the ahactinnl skeleton typically 
reduced to an open, delicate irregular mesh, entirely hidden hy thick pulpy skin, 
which in the adult, even when dried, may conceal the underlyin'.; plates. Both -cries 
of marginal plates well developed; the -nperomartrinals commonly mounrnnthid (or 
spineless . the infemmargi rials diplacanthid ; one series of aetinnls, sporadically 
spioiferoos; adoral earina eomposed of ahoiil three pairs of contiguous postural 
ailamhulacral plates; iuterhnichial -eptum -tmngly calcified; gonads opening 
\ enti ally paedophoric. 

lit n arks Tlie above diagnosis is intended to characterize two known specie* 
of a larger group which includes Sp**m*tt rins and |)o--ihl\ /vu/y/duMf rniv, and which 
hy right of priority would be called dnn/iriih This diagnosis of duns/friiis is 
therefore of the submenus . ri«r< The diagnoses of Sporn^terin't am) l\uhjptii<- 

tsria* are also of Mihgenera I have listed these groups separately in order to direct 
attention to the peculiar characters of . 1/oMi r a v, s s. concerning w hicli there has 
been some misapprehension 

The generic name .Imu/rn'/M lias usually been in orreetly applied since Ludwig 
lirsi set the fashion in 19113 hy using il for a group of -mall, paedophoric sea stups. 
almost devoid of ahactinal skeleton hut characterized by a soft, pustulated, glandular 
integument These bear a strong superficial resemblance to .1 nast f na* n'uuh 
r.3tao 3i) tr> 
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which, on the contrary, lias a reticulate abactiiial skeleton. Several authors, notably 
Koehler and Verrill, liave followed Ludwig. The genus erroneously called Anas - 
terias was named Jj/sasterias by me in 190S. 

The type specimen of Anasterias mimita was indicated by Perrier in 1S91 
(p, 93) as that bearing the label “Voyage dc I ’Astrolabe; M. M. Hombron et Jaequi- 
not,” and he giyes reasons for believing it to liave been collected at Port Famine, 
Magellan Strait. 

In 1923, thanks to the cooperation of Prof. L. Joubin, I examined this specimen 
at the Museum d’Histoire Naturclle and published some notes on it. 36 

The type specimen of A. mimita is in alcohol and is labelled E 792, M. M. Hom- 
bron et Jacquinot, 1847. The rays are short. Measurements, according to Perrier, 
K 12 mm., r G mm. The integument entirely conceals the abactinal skeleton. I 
subjected the abactinal surface of one ray to treatment with potassium hydrate, which 
revealed a fairly regular series of small carinal plates, between which and the regular 
inferomarginals (each with one short spinelct) is an irregular, very open, incomplete 
net of plates, strongest next to the supcromarginals. The net is in part composed of 
about 14 irregular transverse tongues of plates on cither side, extending inward toward 
the carinals and each corresponds roughly to a marginal plate. The inferomarginals 
have two spines, which are the largest on the body and are separated from the smaller 
single supcromarginal by a fairly broad channel with a row of papulae. Actinals 
apparently not developed; adambulacral plates strictly monacanthid. The abactinal 
surface though soft and somewhat pulpy is not papillose in the sense that Lysasterias 
and Koehleraster are. Abactinal spinelets are few and scattered. 

It is quite necessary to fix the attention on this type specimen of Anasterias 
mimita which establishes the identity of the species and hence of the genus. The 
specimens of Anasterias minuta listed by Perrier in 1S91 may or may not be A. 
mimita and have nothing to do with the status of Anasterias. 

It is a fact that Anasterias Perrier has a connected dorsal skeleton, whereas 
Anasterias Ludwig has not; A. minuta also lacks the pustulated or papillose abactinal 
integument which is described as being characteristic of Anasterias Ludwig ( Lysas- 
terias Fisher). 

Anasterias Perrier is closely related to Sporasterias } as exemplified by S . ant - 
arctica and its alleged synonym, S. ruyispina (the genotype). In fact Lcipoldt, 
1S95, synonvmizcd Anasterias minuta with S . antarctica and S. ruyispina; while 
Perrier, himself, writing in 1891, 37 says: 

Les etoilcs do iner que j’ai nominees Anasterias minuta , Astcrias rugispina Stimpson; cellcs que 
M. Studer appelle Astcrias antarctica Liitkcn; cclles que M. Bell a appellees Astcrias spirabilis 
sont done des formes extremement voisines, sinon identiques. 

Furthermore Koehler (1920, p. 11) writes: 

Je dois dire que j’ai eu en communication plusieurs Anasterias minuta du Jardin des Plantes 
[but evidently not the type] et j’ai pu constater qnc toutes ctaient parfaitment identiques & de 
jeuncs Sporastcrias antarctica. J’estimc done YA. minuta forme jeunc d’unc Sporasterias ou peut- 
otre d’uiic autre Anasterias , ne doit pas figurer parnii les cspeces du genre Anasterias. 


Notes on l he Asloroidea. IV. Ann. Mag. Nat. Hist., scr. 9, vol. IS, 1926, p. 197. 
v Miss, sci. Cap Horn, p. 15. 
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It seems t it me probable tluit the typo spooimoti of .1 minutn is not tlio voting of 
arit'irct m % nor of ttiiy specie* of ///wWfrMjv, I h i i^t* 1 Imvo example* of an . 1 nn*ttruta 
from tin* Falkland Nnm!^, which nro distinct from SpurasU r!a* ea/urr/icif, ami which 
I believe to 1 m' true A tninnta. (Soo below.) The open, w oak, rci t i< ular, ahactinal 
skeleton. overlaid by u thick pulpy skin is li k o that of the type of .1 in'muUi 

The <poeio< of Arnett tins and of Spomxtt rio* are extremely variable and the two 
genera appear to me to he continent . The distinguishing font i ires for A nnttrruni are 
the weaker, more open, ahactinal skeleton and the thicker, pulpy skin, entirelv ob- 
scuring the ahactinal plates and also sometimes the spitielets. Hut these characters 
are relative Some specimens of Sporusit ria< have n rnth* r weak, open, ahactinal 
skeleton (especially when young); and a skin obscuring the plates and forming a 
thick welt around tin* spitielets is aUo rather common. 1 have some speeimens rnl- 
looted by l)r. \V k Schmitt near Teal Inlet, Falkland Islands, which on the basis 
of skeleton and spinelets are Sjfomstt rias % hut of dermal characters are . Iw/Wrriwr. 
It is prohahlc that the thicker skin is directly correlated with a weak ahactinal 
skeleton The formation of local fortune is undoubtedly encouraged hy the seden- 
tary habits of these sc*a stars and hy their hnhit of rearing a relativeh few young 
in a temporary -mhoral brood eltamher. 

I\nh/j*t<i«trr : uH nmftrUi Koehler is closely similar to AunsUrum minuin. A well- 
hardened alcoholic specimen of the latter resemble* the figures of /\’. confrria in 
Koehler s sea stars of the Swedish Antarctic* Expedition (19*23, pi. 4, figs. 3 and 4). 
The principal anatomical difference is in the weaker, less regular, superomiirgimds of 
Kabjptfi'ttfruiK a distinction which seems to me to he speeilie or subgeiicrie, rather 
than generic. 

In tabular form the species would he arranged as follows: 

(»t n .4 rm^ernw Perrier, IS75 

t Suhcenus A rwtr ri«.i incImlinR A . minuta, .1. j t dicftlnrt.\ find pownMy A. 
nclorms KnrhW Lytattma* virtonar . 

- sulm* pus .N’/wa.i/rntn IVrricr, IMU inctudir ^ A. antarchea, A ,/rr<r/<i, .1. 
tnnu nmru t A m/urt/u. ,t j>trnm , .t. *;»A<u rulata mc Ih*|i»w 

3 S iI»k* nil* Ktilyptatlmtiv hnclilcr, 1023 inrluditu; .t o?u/« rtn 

If it should eventually Im* proven that the type specimen of . laos/r ri<u< minuta 
is really a young Spom+ttnas antnrrdca, then obviously the same <pceic* is the t\pe 
of both .l/iU>/#r‘uv and Sponmti r in%. The broader genus would continue to he called 
JmofirwA, the oldest name, w hit h would al<o la* the name of the suhgemis < aPcd 
Sponntt aho\e r fhe subgenus . 1/mWr r us of the present vein me would he called 
A'tt nxtt rn t <i, with .1 pn pilln'U m for type (unless it, too, is a yomg <//rfu/rhV<i> 

1 have included the two following f« *rr 1 : 

I. VSTi:HI \s MIM T \ IVnW. 

Auan'rnnn t n *n Ki kkifk, Hi v Still , Is7. r i, p x|; Mr ion m i. Cap liurn, is U, p <>3 m 
purl 

t t*rr Irrrrut / f'lllotum PkUHII )(, Cnmpl«»»m *1. \ ol |Utl t In II. Jsss p 707>; \| lkM1 „ 
*«c (*np 1 1 urn, I v.» 1 1 p *ui 

** AnUria* frnrii'rt vnr Ailmhlcrnui IVioukh, IMM, p|. 10, li^ 3<i 3r 

Strait of Magellan. Tierra del Fuego, Falkland Islands. 
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The type of this species is in the Museum d’llistoire Naturello (E 792 M. M. 
Uomhron et Jnequinot, 1847, alcohol). See antea. Perrier considered the type 
locality to he Port Famine, Magellan Strait. 

Two dried specimens from Darwin Harbor, Choiseul Sound, Falkland Islands 
(No. 2028 Mus. Comp. Zool.) apparently belong to this species. The smaller meas- 
ures R 18 mm., r G mm.; the larger R 48 mm., r 18 mm. In the smaller example 
the abac final skeleton is clearly visible and consists of a weak, irregular reticulum 
resembling the condition in ^4. pedicellaris as figured by Koehler (1923, pi. 5, figs. 1 
and 4) and closely similar to that of the type specimen of minvta. Most of the super- 
o marginals carry one spinelet and the inferomarginals two, while scattered along the 
iuternnirginal channel and inside the furrow margin are rather numerous, lanceolate 
straight pedicelhiriue two-thirds the length of the superomarginal spinelets. In the 
larger specimen, however, the abactinal integument has thickened and conceals the 
skeleton which is quite weak and irregular as in Koehler’s Plate 5, Figure 1, alluded 
to above. The proportions are about as in Figure 4. There arc a few actinal plates 
and spines at the base of the ray and the adoral carina is composed of three pairs 
of contiguous adamhulacrals, the first pair larger than second, and the second largei 
than third. The superomarginal spines have been mostly absorbed; pediccllariae as 
in the small example. A third specimen (No. 2624) carries a cluster of young. 

Sixteen specimens from Port Stanley, Falkland Islands, collected in 1927 by 
Dr. W. L. Schmitt. These are evidently conspecific with the Darwin Harbor examples. 
A well-hardened alcoholic example (R4S mm.) resembles the Kalyptasterias conjerta 
figured by Koehler (1923, pi. 4, figs. 3 and 4). The abactinal plates are slender, 
delicate, and form an irregular reticulum, with very large meshes, and are entirely 
hidden, until dried, by the soft pulpy integument. Dorsal spinelets few and widely 
scattered; only a few abactinal crossed and straight pedicellariae. Superomarginal 
plates normal, not massive, each with one blunt, terete, slender spinelet, 1 to 1.5 mm. 
long; inferomarginals with two, decidedly stouter and longer spines; actinal plates 
with one spine, slightly smaller, the senes extending two-thirds length of ray, each 
spine forming with the inferomarginal spines a transverse series of three. Numerous, 
rather thickly lanceolate, suhobtuse straight pediccllariae, decidedly longer than 
broad are scattered on the marginal and actinal plates, in the intermarginal channel 
and along edge of furrow. Xo associated cross pediccllariae , except near end of ray 
and there only n few. [In Sporastcrias antarctica the superomarginals are normally 
surrounded by crossed pedicellariae, and the inferomarginal plates carry at least a 
few on the intermarginal side of the spines.] 

Another lot of nine from Port Stanley (April 16, 1927) differs in having numerous 
small capitate abactinal spinelets, and fairly numerous abactinal (but not marginal) 
crossed pedicellnriae; straight pedicellariae scattered over abactinal surface and 
distributed laterally and actinallv without associated crossed pedicellariae; integu- 
ment thick, pulpy, in alcohol. When dried a specimen would pass for an aberrant 
Sporastcrias antarctica , with weak dorsal skeleton. One specimen carries a thick 
mass of eggs in the oral concavity. 

Fourteen specimens from near Teal Inlet, Falklands, also collected by Doctor 
Schmitt, do not belong to this species but are mentioned because they have the thick 
dorsal integument and abactinal spinelets of the above lot. When dried they 
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resemble Spont lrr!ns <n fun ? V i , almost de\ oid of < lo^nl pcdit ec nriae and withonh 
m few ^ t rai*rh ( pcdicellariac laternllv Iml w it li ti si ri*-^ of small i*ms on f n i row margin 
In Mniic hut imt nil specimens n few crossed pedieellarine occur ~poradicall\ f ir* r** ami 
there on lln* upper side « » f I lit* iuferomn rhinal plates w In re there arc none in t\pieal 
specimens of mluutit). At tin* present writing 1 do not know what the e an* 

I was not able to find a specimen of Perrier's A *(( nnltrn n /mi/m//ovwm at the 
Museum il llistoire Xaturclle. 

AN NSTKUMS I'KOH KI.I.AKIS Kohler.) 

> # **rnWf ri.jt p* Itcril lri.i Kmkio.ku, S\m*«I. Ant I!\p , \«»1 I, *i* ». 1. I'iJM. p 1 \ pt h- . 
t it; pt i), 1 A. 7 in 

S 4 * n<i< a # io*/iru Kosill.nt, loj.l, p 7"». p' Is, lie I. 

? .1 nastrnni p*rrt ri I’uum k, Mi nai **»m (' n It r i, I sol, p. 7 ti»*t S' el< r, Inn.' | 

have a specimen at the Mu e im 1“ 1 1 i-f r X 0 in Me 

This species is fully described and liirured by Koehler, lie notes ihnl in miiiio 

specimens the spines and characteristic pedieellHrine may be very slightly de\ eloped, 

or are even lacking He states nUo I hat the external appearance, in respect to the 
more or less soft consistency of the nliaetinul wall, resembles that of A»/vu>/# rins. 

Cnder this nominal species 1 have tciitati\cly classified sex end specimens, 
mostly in n had Mate of presen ation, which were collected by Dr. W. L. Schmitt 
at Port Stanley, Falkland Islands. The abaci inal spinelots are fairly numerous 
and scattered union" them arc numerous missed pcdicclhmac. In contrast to the 
condition in tttmutu, a few crossed pedieellarine here and there accompany the con- 
spicuous lanceolate pedicelhmae of the snperomarpnal and inferom* rhinal plates. 
K *10 mm., r l : 2 mm. 

Koehler's material was taken at Tierra del Fuctro, meters, and the Falkland 
Islands, 7 to 10 meters. (Vrtain specimens collected at low tide, Sparrow Cove, 
Fast Falkland, are prohahlv the same as m\ minutii, since 'Mrs piquants cl les pedi- 
eellnirrs sont tics peu developprs rt ^ hmt menu* eompir lement dt'fnut "iir certains 
cxcmphiiics “ 

It is likelx that pt t! nlluris and luiwttii arc two *' manifest at ions “ i f a ‘i.n^lc 
spi eicN. 

Conus CXI.V \STi:KI X.S Perrier 

r **t/f nfm ja Pruuiru, He\ Xtrlt , ls7/i, p SI T) pe, (\ iw'rri r.ottl* t Pi rr * r Is »ui l 1 *-., 
P 5 1*7 ; I TJ3, |> »V.*7. 

X ir^u»rf //a Koi hi ► i., Xu tr.it Xt.t F\p,\tl S, t'rjo, p N'l T\ jh'. M rlrjiffr i*< 1 r 

nintjnntix Broad-mx ed, monnranthid, paedophorie species, with the skeleton 
more of less concealed hv smooth internment . and with n rather sharp \ cut rohiterul 
margin to ray marked by oblique combs of two to four ^hort infernmnnrimd -pinos 
Miperomaririnals very broad (Unrest plates of all i bearing one or two irrnnuhform 
spinelets; dorsola tends not \ cry numerous, tnlobed, in one or two fmrlx regular 
loiuri'-eries; n definite scries of stmnolx imbrier ted Idobed enrinab ; abaetinal skeleton 
with only a few granules, or with numerous crannies in longitudinal series, an in- 
conspicuous series of aelinal plates, a few of the proximnls sporadically spmifc oils; 
p'linds opening xeiitndlv; netmostome sunken, the adoral mnna narrow rud < om- 
jm»si d of four or fix e pairs of contiguous poMorid ndambi 1 m t I plr les 
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t. OAI. VASTER! AS ASTEKINOIDKS Perrier. 

Calrastcrias astcrinoidcs Perkier, 1875, p. 81. 

Falkland Islands; probably not Torres Strait, as specified by Perrier. 

2. CALVASTERIAS ANTIBODUM Bell. 

Calvasterias antipodum Bell, Free. Zool. Soc., 1SS2, p. 122, pi. 6, fig. 1. 

Mr. G. A. Smith of the British Museum (Natural History) has sent me a de- 
scription of the type together with photographs of the skeleton. This species is a 
typical Calvasterias with thick skin and very large supermarginal plates. The 
carinal ridge carries a narrow zone of coarse tubercles (one or two wide) continued 
as a pentagon on the disk. No others are present. The supcromarginals arc very 
broad, with a large beaded area, and are wider than the dorsolateral area. Each 
inferonmrginnl carries two short, obtuse, granular spines which arc set at an angle 
of 45° to the wall of the ray. On the dorsal side of their bases these spines have 
become engulfed in the thick integument. 

3. CALVASTERI AS LAEVIGATA (Hutton). 

Asterias rupicola var. laevigata Hutton, Trans. New Zeal. Inst., vol. 11, 1870, p. 353. 

Stichaster suteri var. lacvigalus Farquhaii, Trans. New Zeal. Inst., vol. 30, 1S97, p. 189; 
Proc. Linn. Soc. N. S. Wales, 1898, p. 313. — Benham, Subantarctic Islands of New 
Zealand. Eehinodenns, 1909, p. 302. 

Calvasterias laevigata Fisher, 1923, p. 60G. — Mortensen, 1925, p. 311, pi. 13, fig. 12; pi. 14, 
figs. 3 10. 

New Zealand: Auckland Islands; Campbell Island. 

4. CALVASTERIAS SUTERI (de Loriol). 

Stichaster suteri de Loiuol, Rev. Suisse de Zool., vol. 2, 1S94, p. 477, pi. 23. — Farquitar, 
Journ. Linn. Soc. Zool., vol. 2G, p. 197; Proe. Linn. Soc. N. S. Wales, 1S9S, p. 313. — 
Benham, Subant. Islands of New Zealand. Eehinodenns, 1909, p. 302. 

Stichaster liltoralis Fauquhar, Trans. New Zeal. Inst., vol. 27, 1895, p. 206, pi. 13. 

Stichorclla suteri Koehler, 1920, pp. S7-S9, pi. 22, figs. 1, 2, 4; pi. 62, fig. 3; pi. G3, fig. 1. 

Calvasterias suteri Fisher, 1922, p. 597; 1923, p. 606. — Mortensen, 1925, p. 310. 

New Zealand. 

5. CALVASTERIAS STOLIDOTA Sladen. 

Calvasterias slolidata Sladen, Challenger Asteroidea, 1SS9, p. 590, pi. 101, figs. 3, 4; pi. 103, 
figs. 11, 12. 

Port William, Falkland Islands; Messier Channel, southern Chile. 

Mr. G. A. Smith has sent me a description and photographs of the skeleton of 
this species which, from Sladen’s figures, resembles a Kahjptasterias . The dorso- 
lateral area is broader and the supcromarginals much smaller than in typical Calvas- 
terias, The ahaetinal skeleton is well developed with strongly overlapping carinals. 
The mostly 3-lobed dorsolaterals form an irregular open reticulum, in which three 
or four meshes can he counted between the carinals and supcromarginals. The area 
is nearly or finite twice as wide as the superomarginal plates, and hence much broader 
than in antipodum , in which the supcromarginals arc wider than the dorsolateral area. 


ASTKICOIDKA OF XOItTH IWOlFIt* AM) AI>JAi KNT W ATKILS HMIUIl 


Conu* roS.M VSTK1M \S Nlailcn 

( oarnaitrrmv Si. vnt.v, itMlwmiH, CIittll'Miwr \*»t r « l> . 1 , lsvi. p ?>7u T> j » , \ » r a ou 
sulciftr Perrier * .1 l**n»lum Philippi 

biphistrrut* I’mihihi, part. Mi«»i«»ti #ri. Cap Horn Is'M p. 77 Mil hn» 1 , p h 

t'omai'criai I'muiru. M on n. C'np Horn, l*‘H, p 1.5’) 
l**la*itr mi Pkiuukk. Mi *i in m*i Cup lion*, lvH, p P*n 

(J nitirmUr I’ruuiMt, It*' . ramp Prince « It M n a 'o, |k*m» ( p. 27 T\|w\ .Mi cf ail r f l / <a 
Sla l« * n . 

Diagnosis. Actinal plates in two or more prominent longiseries forming tin* 
actinal or the actinal and nctinohitcrnl surfaces of ra\ (and not dominated or over- 
hung by the inferomnrginnl platen); adamhulacrid plnt<*s diplnennlhid, without 
attached pedicellnriae ; large imguiculatc straight pedi< ellnrinc ; plates of the ubartinal 
area of ray ha\ e the a|>pearnm*e of forming definite lougiseries, the carinal* and supcro- 
umrginals being conspicuously regular, and the dorsolateral area generally rather 
narrow with the plates in discernible I ongi series; actinnstome sunken, the adoral 
carina long, consisting of three or more contiguous pairs of athimhnlaeral plates; 
gonads opening dot^allv; not pncdophniic, 

Southern Hemisphere. 

This genus is in need of thorough revision. It appears to be distantly allied to 
StichnsUr. In the following provisional list of species 1 have not included J.\7rruM 
(Polyosttrias) frrnunil* nsis Mcis>ner, H listed hv Verrill (19M, p. 3t>0) ns (osrna^trritis 
ft man den s is. The genus is probably represented on .hum Fernandez, 39 but Meissner’s 
species is almost certainly the young of Astrostalr plti'ri 40 from t ho same locality. 

I have omitted also / ostnastt rins radlata Koehler (1923, p. 3b, pi. 2, lig. , 1 , pi. 3, 
figs. 1 and 2) dredged in 1011 meters on Shag Rock Hank, between Falkland Islands 
and South Georgia. The specimens, almost certainly immature, have 4 S to 10 eijual 
or suberpial rays, and a single inndrcporic plate. The .species is fully described by 
Koehler who has placed it provisionally in Coswas(rria<. 

1 . COSMASTKHI VS URIIM Philipp* . 

/|jifrr<irari</inm lurni in* Piuupri, Arch. Naturae*., vol. 21. lsf»s, p. 2t>.V 
.■tuVraoiFif /non nulnfcr Pr.HHir.it, Van. Sci. Nat.. is«>9, p. 23.). 

.I«frrui5 Mulctfrra Pkhhikr, K#'\ . Stell., 1S73, p. 3S. 

.l*f<ria.i (Cojrrni.Urnaj s tlnfcra Si.vdkn, Challenger AMeroulen, Isv.i, p »V>2 Li ipoldt, 
Zeil. \\ i-vh Zoul., v* >1 .*> 11 , isOa, p. ,352 lit* ralure list ) . 
fWnufrruif tuletfrra PnuurH, Mis-* Sci Cup Horn, 1S91, |>. IrtO. 

C o*maMrr\a* *ulc\ftra Pkhiukk, K\p/M Trnvnillciir ct Talisman, 1 S* > 1 , p 1 07. 

Cojrnaw/rrnni lurnta Lcnwiu, KxpA! Anlarct. lielgc, 1903, p. 10 ok Luhioi., P.HVI, p 39 
kor.!iun. 1912, p. 22, pi 2. fig 1 7; pi. 5. fi«. S; 1923. p. 39 

To this species l/oipoldt, 1S95, unites AslrracanlJiion chiratum Philippi, .1 fulnim 
IMiilippi, A. specltihilr Philippi, .1 mite Philippi, and Stichastrr polygntmmus Slnden. 
(See below.) 

Region of the Straits of Magellan and adjacent roasts on both Atlantic and 
Pacific sides; Tierra del Fuego; .south Georgia; low tide to 3 IS fathom* 

M MrlMnrr. Vrrh N«Oirc»« . Mr, p 10*. pi ft, f)r» 1. U O 

•• 1 flirft n«l, TN* SMurtl II I of imin IVrn* 1 m I' ! lf-1 *-k rftitx-r;. r 1 I. !V3), p Iv* 1 1 1 1 ) mui< f 

•• M«* •nrr. p las. p| ft. fli 3 . (rf/TMt ( a pimiri fW I u-h#/ViD<!, IVJ1, p MT 
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2. COSMASTERIAS GERMA1NI (Philippi). 

Asteraccinthion Gcrmaini Philippi, Arch. Nnturges, 1S5S, p *265.— Koehler, 1912, p.' 19. 

Astcrias ( Cosmasterias ) tomidata Sladen, Challenger Asteroiciea, 1SS9, p. 576, pi. 105, figs. 

8 - 10 . 

Diplastcrias Gcrmaini (Philippi'), Meissner, Hamburger Magalhaen. Sammclr., 1904, p. 7. 

Cosmasterias tomidata X ekrill, 1914, p. 359. 

Gulf of Penas, Chile, 45 fathoms; region of the Straits of Magellan; off ^Argentina, 
latitude 44° 52' S., 55 fathoms (Mus. Comp. Zool.). 

3. COSMASTEKIAS POLYGRAM M A (Sladen). 

Stichastcr polygrammus Sladen, 1SS9, p. 434, pis. 100, 103. 

Cosmasterias pohjgrammns Verrill, 1914, p. 360. 

West of Magellan Strait, 245 fathoms (Sladen). 

1. COSMASTEKIAS CAPENSIS (Perrier). 

Astcrias capcnsis Perrier, Rc'v. Stoll., 1875, p. 73. 

St i chaster felipes Sladen, 1889. p. 433, pi. 101, figs. 1 and 2; pi. 103, figs. 7 and 8. 

Ouadraster felipes Perrier, Res. camp. Prince de Monaco, 1896, p. 27. 

Cosmasterias felipes Fisher, Ann. Mag. Nat. Hist., scr. 9, vol. 10, 1923, p. 198. 

Cosmasterias capcnsis Fisher, Ann. Mag. Nat. Hist., scr. 9, vol. 10, 1923, p. 19S. 

Cape of Good Hope, to 150 fathoms. 

5. COSMASTERIAS DYSCRITA H. L. Clark. 

Cosmasterias dyscrita Clark, Biol. Res. Fishing Exper. carried on by the^F. I. S. Endeavour, 

1909-1914, vol. 4, pt. 1, 1916, p. 71, pi. 29, figs. 1, 2. 

South of Gabo Island, Victoria, 200 fathoms. 

Genus CRYPTASTERIAS Verrill 

Diplastcrias Koehler, part, Exped. antarct. Fran^aise, Echinodennes, 1906, p. 19; 1908, 

p. 574. 

Cryptasterias Verrill, Shallow-water Starfishes, 1914, p. 362. Type, Diplastcrias turqueti 

Koehler.— Koehler, 1920, p. 57; 1923, p. 25. Fisher, 1923, p. 604. 

Diagnosis. — Related to Diplastcrias , but abactinal surface soft, rather irregularly 
and finely papillose and the abactinal plates thin (with rudimentary spinelets only), 
forming an irregular reticulum entirely concealed by the skin; supermarginal plates 
well developed, bearing one spine wreathed with pedicellariae, and having long descend- 
ing processes which support a broad, vertical, intermarginal channel; inferomarginals 
with two webbed spines (each with a cluster of pedicellariae on outer face) or with 
one spine; no netinal plates; adambulacral plates regularly diplacanthid; with two 
contiguous pairs of postoral adambulacral plates; interbrachial septum strongly 
calcified; gonads opening ventrally, eggs very large; good-sized, broadly lanceolate 
straight pedicellariae on furrow margin; rays five to eight. 

Koehler, 1923, p. 25, includes two species, the type and C. brachiata. I am not 
certain of the status of Dijdasterias induta Koehler (190S, p. 575) which is described 
as being close to turqueti and hence probably a Cryptasterias . But Koehler (1923, 
p. 27) states that other than brunchiata , turqueti is the only known species. 

1. CRYPTASTERIAS TURQUETI (Koehler). 

Diplaslerias turqueti Koehler, 1906, p. 19, pi 2, fig. 17; pi. 4, fig. 39. 

Cryptasterias turqueti Verrill, 1914, p. 362.— Koehler, 1920, p. 57, pi. 17, figs. 1-5. 

Booth Wan del Island; South Orkney Islands; 9 to 20 fathoms. 
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r r»i vi»t ssritin ss mr\< mint n Hooter. 

(’njfttantrritu f»r«ifAiiit«i KoKllI l.H, I'TJH, |» ‘25. |>1 t. U 10 
Berkeley Sound . Falkland Islands. 2.'* to 30 meters 
(onus !>IH.\STi:iM VS Perrier 

/ii/tfrti.vrun I* Slum'll, t'ouipii*s*ri'!i*liiH. \u| 100, to 1 1 . Isss |» 7a5; Mi#im u ('ipllorn, 
rirhitioiliTUK^t I MM. (»• 77. T\ p«\ Diplattmai l-itk»tn Pern* r 1'iou k, >tn t!»- >m«hi 
Mim'i'H. Coll., vnl 52, IlHIs, p so. ( 1 Irr* »r in u^mnnif il of * in/trn im Uj* 

I*o imteritu Prium.it, K\p'<«| sci Travuillc ir rt Talisman, |s'*|. j,p. 1 117 ins; ('imp #n <lu 
Prino* ilt* Moiiim*o, tSUO.p '1.7 Tv jm\ Ihplutrr m Uttk* n\ lVrrn r iml i*o bftrnnn IN r« 
rirr 1S‘M, p 100 Fisimt, \nn, nml Mate X:»! II >i . vr. ‘i. \..l 12, 1 **23 p iVi3; 
Zonl. Anz., vol. 33. ll)0s, p 35s 

/kingnosis. Adamhulacrnl plates diplennathid, without attached pedieellariae ; 
ahaetinnl skeleton irregularly reticulate; I In' pint with one to several slender opines 
surrounded by a collar of pedieellariae and more or les^ heavily sheathed with mem- 
brane which usually ohsenres skeleton; mnnrinnl plates well developed; supero- 
marginnl spines one or two, rons|>ieuous t clearly different iated from ahaetinnl and 
surrounded by pedieellariae; inferomnrginnl spines usually two, sporadically tliree, 
hearing pedieellariae and forming delinite longitudinal series separateil from supero- 
innrginnU hv a well-defined intermnrginal eliaunel; uetinal spines with attached 
pedieellariae, in one or two longiserics (uetinals exceptionally spinele^); two to four 
pairs of contiguous postoral lulamhulaerid plates; not (Usiparous; gonads opening 
ventrnlly; young brooded hy adult; straight pedieellariae lanceolate, typically not 
enlarged nor imgnieulnte. Differing from Annstrriits in having a stronger ahaetinnl 
skeleton and diplaeanthid adamlndacral pint 

liftnarlx. In the first reference to P\pUi*ttru\< (Issxj Perrier rites P. lutkrni 
Perrier and IK stfinrni Sluder as species which hrood their young. He adds; *\Te 
chisM* dans le genre Piphtstcritis |es A*ttrias cpii out deux rnugi'es an moins de 
pi < plants ndnmhulftcraires." 

In the (’ape Horn report, published three \e.irs later, Piplnstfr n* is entered as a 
new genus, w ith the same diagnosis. Five speeies an* enumerated and d( scribed: 
/>. suh'iftra (Perrier, ISfiP), IK /•» > m Perrier. P.lutk*nl Perrier. IK sp\u o*u Perm r. 
P. >*< no n i (Si uder). 

PlphtsU ruts was thus formally published in connection with definite 4p««i :rs from 
which a type may he selected. If the first reference i- to he regard o I a*> a mum n 
nudein, as 1 suggested in FJOs (Fisher, 100 m, p. V* the enumeration of P lutkn ami 
IK stfinmi (both of which are PipUu+tfria* in the narrowest sense) is mefnl a^ an mdl- 
eation of the species which Perrier had in mind for his new. if somewhat mdelimte, 
genus. While Perrier’s (’ape Horn report wn< in press. Hndrn used Perrier's first 
species, p, sulcifrm , for the type of f nwmfr/f rim. Mv < hoirr, m IMOs, of P, w/r frnj 
as the type of Pipla>tt ri<i* was ill advised, due to a strict adherence lo the “tirM 
spei ies rulo for the dtMerminntion * »f a t \ pe when none is indirattd h\ the author 
It seems to me that the oldest known species, A*tirl*is hr*itilt\ lh d, whi«h inrlinh s 
both P pIo*trrittM lutktui and lormi cited hv Perrier in In 1>1) should he elu»"« n, spe- 
cially as P lutkrhi appears in the first, or (Pomples-rendus, citation 

Piphi+tf ritjM ohviotislv antedates /Wif%/m'rM ( Perner Is'.M, «'veti if the generic 
diagnosis i^ v apie in tin' li^ht of modern information P plii'ttmis made ho deep 

CilKiU 30 pi 
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impression on Perrier’s mind, because he readily abandons it on page 160 of the Cape 
Horn paper, in a comment on Sladen’s recently published subdivisions of Asterias. 
Here he merges his Diplasterias with Sladen’s Asterias. 

On the same }>age (1S91, p. 160) lie unfortunately introduces Podastcrias for the 
Asterias suleijera group, stating that Cosmasterias has priority for this generic divi- 
sion. This is the first occurrence of Podastcrias in literature. But in 1S94, 41 disre- 
garding his Podastcrias of 1S91, he introduced a quite different Podastcrias for species 
near A. lutkeni. This is precisely synonymous with his Diplasterias of 1S91, and is 
the Podastcrias used by Vcrrill, Koehler after 1917, and Fisher, 1923. Podasterias of 
1891 must obviously be discarded for Cosmasterias , while that of 1S94 had no status 
when proposed, being a homonym of the first, as well as a synonym of Diplasterias . 

Disregarding his Diplasterias of 1S91, Perrier in 1S94 41 employs Diplasterias in 
a different sense, namely for Asterias Linnaeus. In this paper the Astcriidae lack a 
genus Asterias. 

In 1896 42 Podasterias is preserved for Diplasterias lutkeni, Asterias is reinstated, 
and Diplasterias discarded entirely. 

Ludwig in 1903 43 used Diplasterias in the sense in which I advocate employing 
it. Meissner in 1904 44 employed the name for Cosmasterias plus Diplasterias . 
Koehler in 1906, 1908, and 1912, used Diplasterias to include Cryptasterias Vcrrill, 
1914. In 1917 and subsequent papers Koehler adopted Podasterias with the limits 
I have assigned to Diplasterias. In 1914 Vcrrill 45 used Podasterias for Diplasterias 
but erroneously assigned Asterias brandti Bell, A. alba Bell, A. neylecta Bell, and A. 
obtusispinosa Bell to Cosmasterias, the last three as possible synonyms of C. Inrida 
(Philippi). 

Dr. It. Koehler has contributed two species to this genus and valuable notes and 
figures of others in his beautifully illustrated reports on Antarctic sea stars 46 wherein 
the evolution of our knowledge of the group may be traced. 

Subgenus Diplasterias ss. 

Diagnosis. — Actinal plates in one or two longiserics; actinal spines in one or two 
longiscries, armed with clusters of pedicellariac; adoral carina composed of from one 
to three pairs of contiguous adambulacrals. 

I. DIPLASTERIAS BRANDTI (llell). 

Asterias brandti BELL,Proc. Zool. Soc., 1881, p. 91, pL 9. 

Asterias neglecta Bell, Proc. Zool. Soc.,lSSl, p. 94. pi. 9. 

Asterias alba Bell, Proc. Zool. Soc., 1SS1, pp. 92, 506. 

Asterias obtusispinosa Bell, Proc. Zool. Soc., 1SS1, pp. 92, 93. 

Asterias belli Studer, Abb. Akad. Berlin, 1884, pp. 12, 13, pi. 1. 

Asterias glomerata Sladen, Challenger Astcroiclea, 18S9, p. 571, pi. 105. 

Diplasterias loveni Perrier, Miss. sci. Cap Horn ,1891, p. SO. 

Diplasterias lutkeni Perrier, Miss. sci. Cap Horn, 1S91, p. 81. — Ludwig, 1903, p. 41. 


41 Expfd. Travailleur et Talisman, pp. 107, I0S (key). 

11 Ktsiiltats camp. sci. Prince de Monaco, lase. II, 1890, pp. 34, 35. 

41 Expedition Anarctique Beige, Scestcrne, p. 41. 

41 Hamburger Magalhaensische Sammelreise, Astcroideen, pp. 5-9. 

44 Shallow-water Starfishes, p. 301. 

*« Soc Koehler, 1908, p. 572 ( Diplasterias ); 1912, pp. 12 et seq. ( Diplasterias ); 1917, pp. 20-29 {Podasterias); 1920, pp. 35-51 ( Podas • 
terias); 1923, pp. 27-35 (Podasterias). 


\nti:whih:\ uk noutii iwuh*' and \iuac i.\t \\ \ti.us msiikk ' 2 ‘A 1 

/>i/»/fM r <r ih /»rafi /'i Mm snhi, 1**01, p. 7. Knr.ui.in, P*os, p 572, 1 1. 5, t*g 3o, 31; 1912, 
I* 1*«, pi 1, lig 3. .0, 0 

/V /fm/« mu hrotolh Koutint, 1917, p JO, pi 1, fig** 1 **►, IT; | »1 3, lit** 11, 13, 11; ) ••-0, pp. 
II, 31. pi 13. Iig It; nl In. 9g< 3. 0; IMJ3 p 27. pi 2. Hit 2,3. 

Koehler [mints mil llml P /»r * kJt is a pnlyn «r|>lii«* species. This is r< rt-iinly 
tin* case if (fofht ratu , and oil i yiro i t tin t\pi*s of which I him* * \aminnl, 

arc tn 1 m * ranked as one speep s and o/ 1 sj> / on are fori line of the same sp< ei»*s t 

lull they lire wholly unlike (jlonurntn. Bell's hffflrctil, a fine -peeimMl of which is 
in the British Mim iiiii (P.MU 7» ID f>3, St *n t lie r n ( e.vp* dition appear to ho 
a fully irrow it example of forma tjlomt rail K 10(1 mm., r 21 or 23 mm , v<jl*cU i 
Iih\ in*: priority. 

It is likely that n number of will-marked format' will e\intmilly !>** n eo*:ni/» d. 
Koehh r Inis already jriven tjlomrrata varietal rank 1923, p. 2D . 

South (ieoreia; Falkland Islands; r« trion of the Straits of Mu"* linn, north to 
lrtlitmle -I I 0 I F S., and longitude 33 d 43' \\\ 
r. iiii*L4sti:i:i ss mu ci:i <Koci»i.*r . 

.s ola*l< r at hr ten Knrm.r.H, P.lOS, p. 309, pi. 3, I* c ** . I li, 17. 

Pinci'ifMl# run hr ten Kokin 1 it, 1911, p. 3ll. pi a. fig. 3. 

ur/oron* Kin uu it, P.Ml, p. 3*2. pi. a. figs. 3, 4; lfU2. p 21 

/Wo-rferPn hruen Kukiiihi, t92tt, p. -1 J. pi. It, tigs. 3 7; pi. 13, t.gs. | *>; pi. 14, fig*. 1, 
7 II; 1 1 l r >( figs. 1, 3; 1923, p. 33, p. 13, fig. 2. Doiifhi.vin. 192s, p. *Jt*3. 

South Orkneys; (indium Blind ; Adelie Band lo longitude 92 \ 

3. I>l 1*1 \STi:ill\S KOCHI (Kc-hlrr . 

/W(i.»ffr <]( ft eh\ Kor.ui.Kit, 11*20, p. 33, pi. t I, fg**. 1,2, 12; pi. 13, fir . 1, 2, 3.; pi. 10, fig r . 
2, 3.7; pi. 3s, fig. 1 . 

Antarctic from east longitude 92° to 111°; Adelie Band. 

I. l>in.\STKIU VS KKin.l r.I.KSSl.S (K«x>hlcr . 

f'otlaite rtiM k<r$tflen? t KoMii.kh, P.»t7, p. 21. pi. 4. f .*•* 3, 4, 12, 13, U* 

Kenruelen. 

3. nil'LAsrr.UI \S MiaillUOWMS rrrrk«ri. 

.•WrriFM r er, iwmil * I’khhm h, U7\ <1<*s Sft*ll , ts73, p 70 

. l«{<run f (,.7# i STrarit, Milt. \ k ill I \\ t* , Berlin. |ssi, p. S. 

.1 «'« run Ci./.ri Mfli. Broc Zonl. S.m* , lssj, p *.i| SreaKit, Ml. \ka»l. W i * Ik r »n, 

I ss I, p S, j 1 1 . fig t 

f'olna ria rn/n*/ 'noth* Kor.iu.Mt. PUT. p 2U, jil 2, figs 11, 12; pi 3, I»k» 1, 2. 4. 3 0. 7; 

pi 0. t g s, pi. 7, fg 9; P.»23. p. 31, pi 2. lig t;pl. t.'l, !g 1 Dnnri.iriv H*2s. p 291 

South (oor^ia; K«rL r u* len. 

Slll*gt*niH H \TIIY \«TI-ltl vx, new 

P atino* (In** s, ries of w/n’ro7#<* neiinnl plates. Abartinnl sk* 1* ton wink, 
irregularly reticulate, with small meshes; Body oxerluid by soft, pBlIy, wnnkletl 
skin w Inch involves base of spines; rather w ide ini* rmnrpnnl ehnnm I . suj)» rom n rhinal 
[>Inles moimciintliiil with lonj: diserndmj: process which strunplv on rlaps the rather 
lonj: ftsct tiding lobe of I he di pbicimt hid infrroiiuii^rinals ; conspirmnis s* ri* s of inter- 
marginal and netirml papuhn* in addition lo nhnctinal; actin*»stome small, adornl 
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pari mi mil-row, comprising four pairs of postornl adaiulmlacral ] >la tos. Type, Asterias 
resicuhm Slndon. 

«. 1)1 IM.ASTEKI AS VESICULOSA (Sladen-i. 

Aster: as vesiculosa Slacks. Challenger Asteroidea, 1SS9, p. 56S, pi. 99, figs. I, 2, pi. 103, 
figs. 1, 2. 

Arnfuni Sea (hit. 5° 41' S., long. 134° 4' 30" E.), S00 fathoms. 

I examined the type in the British Museum. This species seems clearly related 
to Diphtherias ss., but lacks aetinal spines and has a longer, narrower, adoral carina. 

Genus EREMASTEKIAS, new 

Diagnosis . — Resembling Smilasterias Sladen in having a small-meshed, reticu- 
late, ah aetinal skeleton beset with small irregularly disposed spinelets and a chevaux- 
de-frise along the actinolateral border of ray consisting of consecutive transverse 
combs of three or four, much larger, flattened, spatulate inferomarginal and aetinal 
spines, devoid of attached pedicellariae. Differing in having monacanthid adam- 
bulaeral plates and a more pronounced adoral carina consisting of several pairs of 
adambulaeral plates. Crossed pedicellariae scattered, rare, resembling those of 
Sporasterias) a few incipiently unguiculate straight pedicellariae. One series of 
spiniferous aetinal plates. Type, Disaster antarctieus Koehler. 

Remarks . — The above diagnosis does not agree with Koehler’s excellent descrip- 
tion in one important point. The position of the combs of actinolateral, spatulate 
spines, distributed on two longiseries of plates, suggests that these plates are respec- 
tively inferomargiiml and aetinal, as in Smilasterias , which Eremasierias strongly 
resembles. Doctor Koehler identifies as marginals two longiseries, bearing small 
spinelets, above these combs. 1 think it likely that Koehler’s superomarignal plates 
are in reality a regular series of dorsolateral (abactinal) plates, while his inferomargi- 
nals are sup< ro marginals. Doctor Koehler states (p. 32) that the number of spines to 
each comb does not diminish toward the end of ray. This is not normal behavior 
for aetinal spines and points rather to the interpretation I have given above, namely 
that the spines are borne on the inferomarginal and one series of aetinals as in Smila $- 
terias scalprijera. If Doctor Koehler's interpretation is the correct one, then the 
difference between Eremasterias and Smilasterias is even greater than indicated in 
the diagnosis; for there is no doubt that the main part of the fan of spines in Smilas- 
terias is carried on the inferomarginals. In S. triremis aetinal plates are lacking. 

This genus is not closely related to Disaster , which has highly characteristic, 
tiny, straight pedicellariae, with bifid falcate jaws, not found eleswhere among 
Asteroidea. 

1. KIIEMASTEUIAS ANTARCTICA (Kouhler). 

Pisaster aniardicus Koehler, Ann. Finst. ocoanographupio, vol. 7, fasc. S, 1917, p. 30, pi. 9, 
lifts. 5, 0, 7, 8, 10. 17. 

Kerguelen, littoral. 

Genus GRANASTKR Perrier 

Grava. aer Perrier, Kxped. sci. Travailleur et Talisman, 1891, pp. 129, 133. Type, Stichas- 
!er hulrh Studer. — Fisher, 1923, p. (301 (including llemiasierias). 

llnniasterUts Vkkkill, Shallow- water Starfishes, 191 1, p. 302, footnote. Type, Granastcr 
bise.riatus Koehler. 


asti:k<H!)i:a nr m u:ti f paimhc and Atuur.vr \v\tui ri*iir.u 233 

Itinyaini* .^rn nil , pnedophorie sot stars with hoi t mluM ra\s, diplncnnt hid 

and tiipla until il adnmbularraL. and tin* w| ole bod\ ron red with a intln r uniform 
nuiM* immolation of short , cm pi Into spinclet s, w it In mi i srrinl ni nil pm out , interspersed 
with scattered pedicclUriuc ; 'kcletoii, not e\t» nally \i il h\ consul of tl ne in h\e 

|ol ed pint I ! \ irnbno ted b\ their lobe-, Ion \ ii lt v ki 'r t id into \ ii U " mil er than 

] >1 n t ; ilia i*): imi I plates four lohed, uUniml b\ \i untile*; mi incomplete wncsnf iu ti- 
uhU; papnhr mosth solitary; interbnu liiul kcptum incomplete *impl\ a odeif.rd 
pillar pn.vMiur ohlnpirl v npwmd from the* odoiitt phon to 1 hr dorsal wall, Icimni: a 
lnrp\ frrr pns-ap*. adjarrnt to margin* from onr ra\ to nr\t ; turn ads Iii^lm*. opening 
\ out rail v ; mloral rnrinu \ erv short , composed of our pair of plates; t ihr frrt in two, 
thrrr, or four series; straight pedicellnriue o\oi 1 or liii'ii^uhir, often nrarlx as larp' 
as spinelets; crossed pedicellnriue, frw , relatively I* rire, soi tiered anion:: the spinelets 
Thw pmus is \ery distinct and of unrrrtiiu relationship. The pun-rid fuen-s 
is unlike that of any other nsleriid, t ho dor- .1 aspect -n*;p'siino n lit t It* < i/cttl ni or 
I*t fkmistfr. Only onr species is know n. 
i;i(ASASn:itM'TI(l\ Sluder . 

*r *r i M i :u v . .t.Pr • \\ A: I I ho; t r e , \**1 J, I j I.'At.jl A* 

tin* a **r t f r Pi apiiii 1 u; p. 1 J' Koruu 1 1\ |>. A3 

(iriiMi ttrlt urn Komiiku, P.Mlft p. It. pi. 1. 1 « t»; pi. I, tig. 12; tints, p 5u.5 f pi 5. for*. 

is l*i ; PMJ. j . -**. pi 3, h* 2; pi. »*. I if 1 
fl* win*. * * « > r.u i \ Kami. I , P.H I, p. 3l>2. 

South (deorpn; South Orkneys; Oruham Land; low tide* to ‘JAM meter*. 

1 hnvr examined two specimens from Wandel Island, (iridium Lund, West 
Ant a rctien. 

Onus K AIA PTASTTIU AS Koehler 

K«/ // a *r r i.« km mlf it. Sw » <li*»!i V i t K\{h <1 , \ t 1 1 , im. 1 , t ‘.O t. |* t 1 f \ | t A* m** '»r.n 
k i •' t r. 

Hitignnsis. DilTrrinir from Anastfria* IVrrior whirh it resembles in haxin*; 
monarant hid adninlmlnrrnU and a weak, irregularly reticulate, ahartinal skeleton 
overlaid b\ a tliirk, sofi ^kin in tho weak(T drvrlopmrnt of thr si.prromaruinal 
plate'*, wliioh form a rather irirpilar series and hoar, sporadieallx , a **uur!e spinelet 
Whole hody ei»\ered hy n tliiek soft integument eoneealin^ the contour * »f the plait's; 
nhaelinal surface very eon\e\, the two manriual series at the \ entral border of ru\ ; 
nhneiiiinl Mirfaee with four or li\e irregular h>m r r isenes of numerous lanre papulae, 
on either side of earinal line, ultematiu*: with htnjrit udiual /»»nt*> of hare skin, shjlit x 
wrinkled; superomarptial plate^ rather small, irregular, ineniistant in form, roiisti- 
tnlin^ a series \er\ irregular and .sinuous on some rays and more re* tdm ar on others; 
infenmiaiyinnls normally de\ eloped, diplaeanthid ; one senes of small, usually sj>mif- 
erous, aetinals Ahartinal spiuelets small, fairly numero is to soiree; eroded pedi- 
eellariae som e, not in ein It - around spinelrts. stnojht p« «| i« « lln me hunrolale 

d'his ^roup is \er\ elosi* to true rio< The latter lias both sene* of mar- 

ginals well de\ eloped and normal, but with iurreasin^ up' I he siiperumnrvmaU max 
lose their spine. See undu .li^lrr uv Kemnrks 

There wein^ to be no tpiesiion that tlii> p'liih is perfect l\ distinct from (•i/ixii- 
f#n»M lt will not be surprising however if it inter^radcs perfectly with Arux^.Vrui*. 
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I. KAIAPTASTEItlAS CONCERT A Koehler. 

Kalyptaxteriax conftrla Koehler, 1923, p. 43, pi. 4, figs. 1 7. 

Falkland Islands (Port Louis, 4 to 7 motors). 

Genus KOKH LER ASTER Fisher 

Kochlerastcr Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. 10, Dec. 1922, p. 596. Type, 
Anasterias octorndiata Koehler. 

Diagnosis . — Differs from Lymsteriax in having an opon but perfectly normal, 
irregularly reticulate, abaetinal skeleton and well developed marginal skeleton; 
di Hoi's from Anasterias and Sporasterias in possessing a thick, highly pustulated, 
“cauliflower ” skin. Adambtilaeral plates monacanthid, but a few proximally 
occasionally diplaeanthid ; a very inconspicuous series of small spineless actinal plates; 
abaetinal skeleton an irregular but complete reticulum of small, imbricated mostly 
simple elliptical or oblong, occasionally faintly lobed plates; carinal series very 
irregular; stipero marginals monacanthid, inferomarginals mostly diplaeanthid, the 
spines surrounded by mnmmillated sheaths which contain (like those of dorsal sur- 
face) a few fair-sized crossed pedieellariae without enlarged terminal teeth; numerous 
scattered, narrowly spatulate to compressed, broadly lanceolate, often pedunculate 
straight pedieellariae; tube feet crowded, large, quadriserial; gonads open ventrally, 
although attached on level with marginal plates; adoral carina composed of four 
pairs of contiguous adambulacral plates; numerous (eight or nine) rays. 

KOKULKKASTKR OCTOK Al)l ATUS (Koehler). 

Anasterias octorculiata Koehler. Science Bull. Mus. Brooklyn Inst. Arts and Sciences, vol. 2, 
no. 4, 1914, p. 04, pi. 14, figs. 1-7. South Georgia. Also 1923, p. 14, pt. 6, fig. 6. 

South Georgia, 10 to 15 meters. 

I have examined the type which is now in the United States National Museum. 
This is eight rayed, while the second specimen (Koehler, 1923) is nine rayed. 

The species is evidently allied to true Anasterias. It lias a complete irregularly 
reticulate abaetinal skeleton consisting of very numerous, small, but fair]}' robust, 
oval, elliptical-oblong, and a few irregularly 3-lobed plates (the latter perhaps repre- 
senting primary dorsolaterals). There is an irregular carinal series, of which the 
plates are no larger than the others. The abaetinal plates are joined to the supero- 
marginals by transverse bands of plates which are a little more regular than the others, 
and between consecutive trabeculae are broad (but short) papular areas, which form 
a zone just above t lie superomarginal plates. These papular areas, or skeletal meshes, 
are larger than the other abaetinal and the intermarginal meshes. 

The marginal plates are fairly robust and of the form usually found in the 
Astcriinae namely, four lobed. The descending lobe of the superomarginal is the 
longest, and strongly overlaps the ascending lobe of the inferomarginal. The supero- 
mnrginals are regularly monacanthid, while most of the inferomarginals are dipla- 
canthid. I hen 1 is a very inconspicuous series of small spineless actinal plates. 

The gonads are not present in all rays, and are attached to the body wall on a 
level with the superomarginals; but the duct turns downward, and I believe that I 
have demonstrated its external opening on the ventral surface, on a papilla, close to 
the interradial line. 
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Thi' (hick dermis is rai-ed into conspicuous enulillovverlike pustules which inclose 
spinelets and entirely oh-rure the skeleton. 

The genus is named in honor of I >r. K<5ne Koehler, of Lyons, the* leading authority 
on Antarctic oehinoderms. 

(leruis LYSASTERIAS Kish or 

FtaiiKH, Smithsonian M imci'II . Colt , vnl 52, May, l'.MiS, j». SS; Zoot. An*., vol. ,33, 
Aiir tOrts, p 35tY Type, .1 wu-ih nVi« j» men Slu lor, t SS5, Iml not lVrrier IS91 Fi-ai.u, 

1922, p. 5 Dl; 11)23, p. i>Ot»; 1 V)JC>, p 197. 

A ruM/rnrM Ia’dwio, 1903, p. >12. Kokhi.eii, 1900, p. 12; 1 90S, p. 500; 19t2, p. tO; 1920, p. 1 1 ; 

1923, p. It Verriu, 1911, p. 351 Not Atnuhrias IVrrier, 1^75; not AtUroiUrma 
IVrrier. IS75. 

/\i£</'i*P rio.i Ykkiull, SImUnw-watcr Starfishes, I'll I, p. 355. T>pc, A tmatrriaa chxrophora 
Letnvtn. — Koeiii.ku, 1 920, pp. 10, 30. 

JUmjnosi't . — Marginal and nhactinal skeleton much reduced, consisting of lateral, 
spaced, transverse series or tongues of plates (composed of two reduced marginals 
|>lus sometimes one or several ahactinals) abutting on the adainhulacral plates; 
dorsal surface with much reduced, disconnected, scattered platelets; dermis thick, 
surrounding the spinclets in mammillated pustules; adanilmlacral plates monacan- 
tliid; no actinnl spines, the plates if present extremely rudimentary; gonads open 
ven t rally — pnedophoric. 

This genus has usually been incorrectly called Arui>ttri*is (q. \\). 

Verrill’s genus Paalastfriax was founded pretty largely upon an erroneous trans- 
lation. Luil wig (1903, p. 42), in a synopsis of “ A na^tt rins ” says: "Dio Spagen lmhen 
(mit Ausnahme der Armspit/e) keimn obmn llitudsiachtl; grosze Tntzcnpedieelhtrien 
vorhanden * * * Art. chiraphoni n. sp. ” Verrill diagnoses the genus: “ * * * 

/Ac upptr mnnjimil jrfatt* being absent except as rudiments di-tally.” But Ludwig 
in a major division of his synopsis states that the upper marginal plates are present 
in chirophnra . Koehler (1920, p. 30) has adopted Ibn ilustcrins, and addl'd a new 
species, jojfrri 

Koehler find- in his Ihiedastt rins jorfrti nhactinal cro-s-hars of several piece-, as 
in L[f<ns(t rias hthjivar Ludwig); hut he thinks that the superomarginaU are not to he 
found in these ares. Kather, they are one or two plates in the interhraehial angle 
above the first infemmarginals, and quite independent of the little cross-tiers of 
the rays, where the superomarginal would consequently he lacking. In a specimen 
of Anusifruut tnirra which 1 have examined (Xo. 1812, Mils. (omp. Zool.) the-e 
*' antiamhulaeral” ares consist usually of two, sometimes three, plates; hut the outer 
uxmlhj spinijt raus superomarginal is oriented transversely and the inner, or infero- 
marginal, more longitudinally just as in chirophora , htetea, and prrritri. Koehler may 
he correct in his interpretation of the lateral plates of jojfrri and lulyicae. But I 
think that the outer of the two plates in the antiamhulaeral ares of chirophora , laetn i, 
and ptrritri is to he interpreted ns sup< ramarptml. The type of I'unhixtfriui equally 
with that of Ijjsastcriih'i would posse— superomarginaU. The presence in htltjicac 
and HiUilrri of several plates (instead of two) in each lateral are probably represents 
"imply a less degenerate condition of ihe nhactinal skeleton. In tnirra one or two 
-mall plates are rqioradieally present above the relatively large, unmistakable, trans- 
versely oriented, superomarginal. These small plates are homologous with the addi- 
tional lateral plates of btlgicae. It follows, therefore, that there is nothing ehnraeti r- 
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islie about the marginal plates of chirophora , which are identical with those of the 
type of Lysttst<ria w If Pacdadcria* is maintained as a genus, it must be on the 
strength of the large spatulate ungwicuiate, straight nediccllariae. But in P. jqffrei 
these are less developed than in chirophora , while the lateral arcs are not those of 
chirophora but of hdpicac, in Ludwig's su'oiid group, if the pedicellariae are used as 
a criterion for separation, then the structure of the skeleton must be disregarded. 

]. LYSASIUR1AS ADULlAE I Kocliler). 

AnasUrias addin* Koehler, 1920, pp. 10, 20, )>1. 1, figs. I, 2, 5-10. pi. 56, fig. 1. 

Adelie Laud, 12 fathoms. 

2. LYSASTERI AS 1IELCICAE < Ludwig). 

A nastcrias bdgicae Ludwig, 1903, p. 51, pi. 6, figs 61 65; pi. 7, figs. 66-67. — Koehler, 
1920, p. 17. 

Latitude 70° 15' S.; longitude S4° 00' W.; 560 meters. 

3. LYS ASTURIAS CHIROPHORA (Ludwig). 

Anastcrias chirophora Ludwig, 1903, p. 43, pi. 5, figs. 52-54; pi. 6, figs. 55-60; pi. 7, fig. 7S. 
Pacdasterias chirophora Vekrill, 1914, p 371. — Koehler 1920, p. 16. 

From latitude 70° 23' to 71° 19' S. and longitude S2° to 87° W., 450 meters. 

4. LYS ASTURIAS CUPl L1FEUA (Koehler). 

A»as/en<is cupulifcra Koehler, 190S, p. 566, pi. 5, fig. 52, pi. 6, figs. 5S, 59; 1920, p. 16. 

South Orkneys, 10 fathoms. 

5. LYSASTERI AS JOKER El (Koehler). 

Pacdasterias joffrei Koehler, 1920, p. 30, pi. 1, figs. 3, 4, 9; pi. 2, figs. 7. S, 9; pi. 56, fig. 2. 

Latitude GG° 50' S.; longitude 142° 06' E.; 354 fathoms. 

6. LYSASTERI AS LACTEA (Ludwig). 

Anasterios ladca Ludwig, 1903, p. 50. — Koehler, 1920, p. 17. 

Latitude 71° 09' S.; longitude 89° 15' W.; 450 meters. 

7. LYSASTERI AS PERKIER] (SCuder). 

Anastcnas perrieri Studlr, Die Sccsternc Siicl-Georgieus, Jahrb. wiss. Anst. Hamburg, vol. 
2, 1885, p. 153. — Koehler, 1920, p. 17. 

A Jiastcrias lysastcria Verrill, 1914, Jp. 354 (unnecessarv substitute name; see Fisher, 1922, 
p. 593). 

South Georgia. 

8. LYSASTERI AS STUDERI (Perrier). 

Anastcrias studeri Perrier, Miss. sci. Cap Horn, 1S91, p. 99.— Koehler, 1920, p. 17. 

Near Atlantic entrance to Magellan Strait, 320 meters. 

9. I.YSASTK111A3 TEN I.It\ (Koehler). 

Anasteria* lenera Koehler, 1906, p. 12; pi. 2, figs. 11-16; pi. 3, fics. 27, 2S; pi. -1, fie 41; 
190S, p. 569; 1912, p. 10; 1920, p. II, 17. 

Sontli Shetland Islands; Graham Land; South Orkneys, Cumberland Bay. 
South Georgia; 1 to 420 meters. 
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10 |.V Sisri.tfIVS Ml HlltltK K«rhlrr . 

,tmi ft i i" itr/oria* Komiihi, 1020, p 17. pi 2, lit? 5, | 1 .'l. lW I t», p 1, 1 * I 1 . | 5, 

1. *• I H>; pi «i, lin* 1 1 , pi 57 , f t* I. 

From latitude \\ 1 to r* 7 ° S , nnd fmni lom/lil ude 1 * J to 1 1 TV K , tui in 3 5 \ fat horns. 

'Phis species i< poMbly n true Ami't* rid*. 

( • i* n u *» MIOS.M I L 1STKK, now 

Piutjnosis- Kesemblino Plplu^ttr'as in has inj; dipliiniiil 1 1 i« I adnmhulnrnd plat* s, 
and annuls w hich open vrntrally, hut tliUVrintr in hnviiur abn«timl pulieellanar 
scattered amon«j tin* spinclets rather Hum in circlets on tin* ein u 1 1 ispi n mI h*ii t It^ ; in 
lacking a definite, well-marked series of enlarged Mipcmumrpmd spines; in Inning 
the inferomaririnal spines in nhlicpie, transverse eoliths of throe or fo ir as in Sin'Ias- 
ttrins) hut with n few attached podirollariao ; one series of aetinal ^pinehts c|om* to 
adtimlmlacnds; an interniar^inal serbs of prominent lanceolate pedieellariac; 
nhactinal skeleton an irreirulnr, close, or medium open net, the small spinel* is with 
interspersed papula**, either rinse-set or spared, according to tin* relative compact- 
ness of skeleton; supermnarjrinnl spinelets similar to nhactinal. Type, Asttrias 
tjfonjinnn Sluder. 

The species of this jxroup reseinlde Smilastfrio v, hut dilfer in having ventrally 
opening pounds. 

1. NKOSMIl.ASTCIl UKOIKIIAM S fsuidrr . 

A*tcri*t* g*orgnirui Stcio a, Die See-P-rnc Su<l-(»enn:icii« f .lalirl). wi><. A i > t . IIaml*ur^\ vol. 

2 , 1 NS 5 , p 150. 

I)l pUistrri a* gcorgiana Pr.KltlKtc, 1^01, p. 7. 

I'nrfa.ih rifM grorgiana Kokiii.F.H, 1017, p. 20; 1020, p. 41. 

Of na*teria* grnrgtana KoFllU.U, 1023 . p. 40 , pi. 3 , tin-. 3 7 , 10 . 

1 have examined at the British Museum one of the original types purchased 
from the Hamburg Museum. Koehler has published (19231 iruod photographs. In 
my opinion gcorgianus is not closely related to Is pUist* r'm* (with which VcrrilPs 
Or mistf rins is synonymous), although there is undoublcdh a Mipi rlieial rrsemhlaiue, 
which exists also between some species of Sjionistt r ns and I * f ms. 

The species lias been taken at South (leortrin, low lide to 75 meters; ami Sha^ 
Hock Bank, between Falkland Islands and South (Jeoririn, HU) meters. 

2 . SKOSMII.SSTC.U STUlMiM iSlii.ltr . 

.t*f# km fit* inf *u Stcpkii, Pa* Si m«th«* Sml-tiiM rcu i .la! rl \\ - \i -t 1 1 n tul urn. \ ol 2 

l,ss5, p 152, pi I, lit?, la, it. 

I > yidfitt mi* *tt o*rai Pi uiuru, 1V>1, p si k» i hi mi, 1012, p '20. p! t. lip 4, 7, in 

/V / i.ntrnai fit* oifFii Km i UK, 1017 , p 2 t», P*jn t p 11 ; 10 * 23 . p. 30 , pi 3 . It.. s t u 

Tierrn del Fnopi; Falkland Mauds ; south of (’ape Hum; pu iiiMi rs 

This species i% clearly riot congeneric with Pijtlnstti #/* brnnU ami hn/n The 
small nlmetinnl spinclets with scattered p#*dicelhiriai* no! in nnhl-: tie idweinv of 
n conspicuous single or double series of superoinanrinnl *-pm< < it her lal tier or plainly 

distinct from I he ahnetiuah; the inconspicuous intennnrpnal area or furrow; the 
crowded inferomnrjrmal transverse **ondw of ihree «>r f* ur spinel* D all "ctrre^ate 
X hi< species from typical Piphutfrid* ami ally it to gtorg'iui 
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Genus PERISSASTERIAS Clark 
Plate 71, Figure 3 

Perissasterias 11. L. Clark, The Echinodenn Fauna of South Africa, Annals of the South 
African Museum, vol. 8, pt. 7, May 1923, p. 307. Type, P. polyacantha Clark— Fisher, 
1926, |). 199. 

Diagnosis. — Adambulacral plates short, with numerous (usually four or Five but as 
few as two or three and as inanv as six or seven) spines, in transverse series, bearing 
small lanceolate straight pcdicellariac; actinal area extensive with three to six longi- 
series of well-developed, 4-lobed spimferous plates separated by regular longiseries of 
papular areas; abactinal plates cruciform, connected in transverse direction by 
oblong secondary ossicles, leaving medium-sized intervals; dorsolateral skeleton on 
either side of the evident earinal series, broad, rather irregular; but sometimes poorly 
defined longiseries of plates are evident; spines subacicular but strong, surrounded by 
a wreath of pedicellariae; carinals with one to six spines; dorsolaterals with usually 
one, marginals with two or three, and actinals with one to five spines; actinostome 
small, but not sunken, two or three pairs of postoral adambulacrals being in contact 
(pi. 71, fig. 3); papulae numerous; pedicellariae small, without outstanding characters; 
the straight are small, lanceolate; the crossed, similar to those of Asterias ss.; gonads 
open dorsally; size large; rays five to seven. 

An isolated genus more nearly related to Asterias than to any group confined to 
Southern Hemisphere. 

1. PERISSASTERIAS POLYACANTHA Clark. 

Perissasterias polyacantha Clark, 1923, p. 307, pi. IS, fig. 3; T926, p. 29, pi. 6. — Fisher 
1926, p. 199. 

Cape Colony: Off Cape Town, 156 fathoms; off Dassen Island, 170 fathoms. 

2. PERISSASTERIAS HEPTACTIS Clark. 

Perissasterias hcptactis Clark, 1926, p. 26, pi. 5. 

West from Lambert’s Bay, Cape Colony, 210 fathoms. 

3. PERISSASTERIAS OIJTUSISPINA Clark. 

Perissasterias obtusispina Clark, 1926, p. 28, pi. 7, figs, 1, 2. 

Off Dassen Island, Cape Colony, 214 fathoms. 

Genus SALJASTERIAS Koehler 

Saliaslcrias Koehler, Austral. Ant. Exped., vol. 8, pt. 1, 1920, p. 52. Type, S. brachiata 
Koehler. — Fisher, 1923, p. 603. 

Diagnosis . — Rays 9 or 10; skeleton irregularly reticulate; plates unequal and 
without indication of earinal or dorsolateral longiseries; on sides of rays transverse 
arcs of plates, of which the lowest is the inf ero marginal, correspond to two narrow 
adambulaoral plates and alternate with conspicuous, quadrangular membranous 
spaces (two adambulacrals in length), containing three or four papulae; no aetinals; 
abactinal spinelets slender, cylindrical, in small groups, surround the membranous 
skeletal intervals containing three or four papulae; inferomarginal spines two or 
three identical with dorsals; adambulacrals with two long, slender, cylindrical, ter- 
minally rounded or truncate spinelets; crossed pedicellariae, upward of 0.4 mm. long 
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and wilhout enlarged terminal teelli, an* senllrreil amon^r the ^pinoleis, rntli«*r 
abundantly on rays; straight pciliccllarinc, lanceolate, upward of 0.7 mm lonjj, 
loss numerous. 

I. S AIJ AST i:ill AS IlllAl llUTA Koehler. 

Stiliasteria.il brachmta Kokhi.i.h, 1020, p. SI, pi 11, fie*. I I; pi. 12, fig* l S; pi . r jS, fie 3 
Fi*tn:u, 1023, p I >03. 

Adelie Land, If* lo 20 fatlmms; latitude lit* 0 f>0' S.; longitude 142° Ob' K., 351 
fathoms. 

(icnus S.MILASTKKIAS Sladen 

Smihsterias Slu>kn (.siihgemi'O , Challenger A.sloroiiloa, ISV), p. 502, 57s Ty|M\ Aa/rnai 
seal prif era Sim lea. 

Diagnosis. Small, 5-rayctl forms \\ i I h compact, reticulate ahaclinal and lateral 
skeleton bool with Mind I spinelets; inferomarpnals on ventrolateral border of ray, 
each with a prominent, oblique comb of three or four llattened truncate spines 
which radiate apart and art' without attached pedicelluriae; adambulacral plates with 
two or three slender spinelets, devoid of attached pedicelluriae; a series of <mnll spinif- 
c rous actinals in one species (sctilprlj* ra); adoral earina comprises firsl pair of post- 
oral adambulacrals which are longer than second pair; crossed pedicellariat* scattered, 
not in circlets arotmtl spinelets; straight pedicellariat* laneeolale, seal l c red on all 
surfaces; in addition, sometimes, lar^e spatulale uu^uiculate pedicellariae with 
curved, interlockin': lines; tube feet in four series; one madreporic body; gonads 
open Jorsalhj at upper margin of superomarpnal plates, near intemulius. 

1. S Mil, AST Kltl \S St M.NUmtA Slmlrn. 

.l.t.Vrrat Stmlasttnas scalpriftra Si..wh:n, Cl allci*p r Asderuirirn, lsS'.l, p. 578, pi. 100, 
Hum. I 0; pi 103, tins. 1 nnd 2. 

OlT Marion and Heart! Islands, 50 to 75 fathoms. 

2. S.MILASTKKIAS THIHK.MIS SUdcn. 

Ajfrna.i ( Srmlasterias ) Irirrmts Sl.ADF.N, Challenger A>hn>idtn, lsSO. p. 57S, pi. |()I, f g*. 
5 and 0; pi. 102, figs. 5 and ti. 

Between Kerguelen and Heard Islands, 150 fathoms. 

3. SMILASTKHI \s I IlHKO l l.AltlS Clark. 

Smilasterias irregularis Ci.auk, Kec. South Austral. Mint., vol. 3, No I. I92S, p. 102, fie 110 

South Australia: Spencer or St. Vincent Citilf. 

This species has only two inferomar^imd, Hat, squnro-cnl spines; no actinal 
plates; adambuhicrnls diplacnnl hid. 

A *otr. — Asterins (Smilosttr itts) tcnrirli Goldschmidt (Ann. Mai:. Nat. 1 1 i^I , 
scr. 0, vol. 14, 1024, p. 400) from nil" ihe coast of Chile not only is not a XrriiVaWcriii-*, 
but tlot's not even belong to the Forcipulala. 

Ci*nuH SPOKASTKIUAS Perrier 

N/wrflifrrjo* PruHiMt, Kxp/it hei Trnvnilleiir ct TntiM* nn, 1 Ml I , p 1U7. T> jx\ Antrrias 
rugisptna Si mi pr<« *tk. — I.cnwH., M*03 Korin pk, 1 1 » 1 7 , ldjo, iy*j3 \ mkiiiii, mu. 
(Not Ludwig, I‘J05 I m; hrrfistrr). l'hm n, 1022, p. 5 Ofi; 1 1*23 p 1>05. 

I'arashehas'rr Koi.in » a, \u«lrnl Ant I \p , li»2U, p V» 3 Njh>, l* v n % >»* Kmd ’■ r 
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Diagnosis. Si mill antarctic, or southern, paedophoric species with inonaeanthid 
adnmbulacrnl plates and typically a well-developed, irregularly reticulate ahactinal 
skeleton, overlaid by a thin pulpy skin; carinals in more or less evident longiseries; 
dorsolateral plates usually rather lnnnerous, forming an irrgulnr net, or arranged in 
subregular longiseries: suporomarginals not relatively very broad; iniVromarginal 
plates and spines not forming a sharp ventrolateral border to ray : crossed pedicallariae 
when numerous, aggregated around ahactinal and marginal spinelets; straight pedi- 
cellariae usually lanceolate, sometimes robust, ovoid, or subspatulate; gonads open 
ventrallv; a series of aelinal plates, usually spiniferous, but absent in young specimens. 

The relation of this group to Anasteriits is discussed under that genus. 

Parastichastcr Koehler appears to represent the maximum development of 
skeleton. In addition to the 6-rayed type. Doctor Koehler describes two other 
species — dirictus having five rays and sphacrulatus with six or eight rays. These 
are all stout-armed, inonaeanthid sea stars, having a rather irregular dorsolateral 
skeleton, small carinals, and relatively much smaller superomarginals than has 
Sticliastcr , to which Koehler compares the genus. The gonads open ventrallv and 
the young are carried in a cluster over the mouth. The stubby inferomarginal 
spines are arranged in short, oblique, transverse series. 

All these features are characteristic of u Sporasterias spirabilis ” (Bell) and 
adult U S. rugispina" (Stimpson). In fact P. mawsoni suggests a 6-rayed Sporas- 
terias spirabilis. The paedophoric habit and inonaeanthid adambulacrals are out- 
standing common characters of Sporasterias and Parastichastcr , and the genera seem 
to be confluent. 

I. SPORASTERIAS ANTARCTICA (LVtken). 

Asteracanthion antardicum Lutkex, Vidensk. Meddcl., 1S56, p. 105. 

Asieria. s rugis pitta Stimpson, Proc. Boston Soc. Nat. Hist., vol. S, I860, p. 207. — Leipoldt, 
Zeit. Wiss. Zool., 1895, p. 563; literature. 

Astcrias cunninghami Perrier, H6v. Stell., 1S75, p. 75. 

Astcrias spirabilis Bell, Proc, Zool. Soc., 1SS1, p. 513, pi. 48, fig. 4. 

Astcrias vcrrilli Bell, Proc. Zool. Soc*., 1 SSI , p. 513, pi. 47, figs. 3, 3a. 

Astcrias ht/adcsi Perrier, Comptes-rend., 1SS6, p. 1146. 

Sporasterias spirabilis Perrier, Expcd. sei. Travailleur et Talisman, 1894, p. 107. 

Astcrias (Sporasterias) antarctica Meissner, Arch. Nat urges, 1896, p. 105, pi. 6, figs. 7, 
7a 75; literature. 

Sporasterias antarctica Ludwig, Expcd. antarct. Beige, 1903, p. 39; 1905a, p. 70. — Koehler, 
1917, i). 10; 1920, p. 78, pi. IS, figs. 1-4; pi. 2S, figs. 1-4; 1923, p. 14, pi. 7, fig. 4. 

AnasUrias antarctica Fisher, Ann. Mag. Nat. Hist., ser. 9, vol. IS, 1926, p. 197. 

To this synonymy Leipoldt 1S95, p. 563, adds: Asteracanthion rarium Philippi, 
A. Juhjens Philippi, ns well as several species, such as Anasterias minuta , Astcrias 
perrieri Smith, Aster ias rupicola Yorrill, and Calvasterias stolidota Sladen, which 
I consider to he distinct. 

Among the above list of synonyms there are undoubtedly representatives of 
several well-marked format 1 , but material is lacking by which a scheme can be 
constructed. 

Vcrrill (1914, p. 353), writes of this complex of forms as ‘‘the most common and 
abundant littoral and shallow-water starfishes of both coasts of Tierra del Fuego 
and Magellan Strait.’’ 
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2 . m»ok %sn:in is rneinrui smiih . 

.l*/<r|<!i fitrrirn Smith, Van. M:lg N.lt !!l t , vT I. Nul. 17, IsTO, I* 1 1>0. 

Kerguelen. 

y Nl'Olt NSTKKI VN HI 1*11*01.4 Vrrrlll . 

A *(rruii r * i*tr >la \ iititn !., Mull. P S Nat M .is , \ ul. It, Issl. 

Kerguelen. 

I. SIMUI NSTI1IU NS M N NN SOM K<xhlrr 

I'ara.iiicbtutrr tmiwuorn Kor.iii.iH, Austral. Ant Kxp., HU 1 1011, Not. S, pt. I, 11120, p IU, 
pi. 1'.), tigs 1 s ; p|. *Jii. fig. 1 ; pi *21. tig-. 1 0; pi. 23. fig. I; pi. 21, fig. 5; pi. 2S, fig 3; 
pi 1*3, fig. 2. 

Mar<|iinrie Island. 

S. Sroit NSTKUI NS IHKKC T V Kwhlcr . 

Para.i'irtinit* r >i nrtu* Kor.m.rit, 1020, p. 07, pi 20, figs. S 11; pi. 21. fig**. S 12; pi. 23, 
tigs 1, 2; pi. 02, fig. 2. 

Macquarie Island. 

«. sroit AST Kill. NS SI’IINKUI I.NTS Korhlrr . 

/Nirmfif/i ittrr tpharrula'u* Koehm.h, 1020. p 101, pi. 21. fig. 7; pi. 23, figs. 5 10; pi. 21, 
figs. 1 1; pi. 03. fig. 3; pi. 01. tigs. 1, 2. 

Macquarie Island. 

Genus ST1CHASTKU Miiller and Trosche! 

Nnr/uithr Mti.LEH mid TitosniKL, Mount sImt. Aknd. Wiss. Merlin, IS 10, p. 102; Arch. 
Naturg ••*., Apr. IS pi, p. 321 Type, .1*/# rm.i uurna'iVirn Meyen not binnae is —Sliehai- 
t<r str atm Matter and Trosehcl 

Tania Oku. Ann. ami Mag. Nat Mist., Nov. I S 10, p. IsO. Tn pe, Tania atlantira Gray — 
&icba*t»r *trintu* Mullrr ami Tmschol. — P ehhier, K\|k* 0 sci. Travailleur ct TnlKinan. 
1 SOI, p. 120. 

Coflantrrin* Ymtrm.i , Trnnv Conn. Vrad., vol I, Is71 GSfi7», pt. 2, p. 217 T\ pe, Carl- 
u*frriiJN ii Mfru/i,i Terrill. See 1-isher, 1022, p. .VJs 

Piifjnosi't. Hody covi red with e|ose-M’t, coarse, irranuliform spinolels; carimil 
nnd puperomarginal plates very short lull broad ; the Inner conspicuously broader 
than infu*omnrginnI> which form a well-marked venl rolaleral angle lo rav and 
sometimes overhang the single series of >nudl aetinal plnles; dorsolateral area broad, 
the plates in three to live series on each side of the enrinals; ndainbnlaeral plates 
short, with two crowded spines, devoid of pedieolhirine; erossed pedicellanae seal- 
lered, not in clusters or wreaths around ahaetinal spine>; one mndreporic body; 
interhrarhial septa heavily enleilied; goiioduels open dorsally, those of male with 
proximal swelling:; not lisMparous. 

I. MU lINSTHie STIMNTIS WtHrr and Trntrhrl. 

.l.*DriM nuriH flra Miuv Hi v, i hi iln Krde. \«*1 I, ls31, p. 222 nt Lint m*u 
.S’ chant, st»uit * Mi i i.i a an I Tuosoikl, 1sIM/i, p 321 Yfhhili. toll, p 302 

Tot liltitit r I till N\ , IS ». p ISO; SviMf'h. I S|»l I, p 2 

1 n^rarnn'l *», n*rjr’ *t<* M i i i f it m*d S\ M d» r \ Mi rid»»n, 1 s 1 2, p 21 

Stirhmt r a «* * ,jr i \ Miitu l. Isi7»i, p 2'»3 Ci \kk, Hull M i (\»n>p Z * *1 , 52, 

I ‘MU. p 3 IT. p s. tig 1 

We-M ronM of South Amerh .i from Callao, Peru, to Tnleidmnno, (dole. 
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2. STICHASTER AUSTRALIS Verrill. 

Coclastcrias australis Vehiull, Trans. Conn. Acad., vol. l, 1871 (1S07), pt. 2, p. 247. — 
Hutton, Catalog Echin. New Zealand, IS72, p. 5. — Koehler, 1920, pp. 54, 91. 

Stichaster australis Sladen, 1 SS9, p. 431. — Farquhar, Trans. New Zeal. Inst., vol. 27, 
IS95, p. 202; Proc. Linn. Soc. New South Wales, 1S98, p. 313. — Fisher, 1922, p. 59S. — 
Mortensen, 1925, p. 313, pi. 11, figs. I, 2; text figs. 17, IS. 

New Zealand. 

Genus UNIOPHORA Gray 

Uniophora Gray, Ann. and Mag. Nat. Hist., Dee. 1S10, p. 2SS. Type, Uniophora globifera 
Grav = Asterias granifera Lamarck. 

Diagnosis. — Typically 5-raved, coarse-spined, heavy-ossieled, diplaeanthid Aus- 
tralian forms with one to three series of actinal plates; abaetinal skeleton with large, 
more or less irregular, meshes in two dorsolateral series on either side of the irregular 
earinal series; abaetinal spines spaced, coarse, tuberculate, often capitate or globose 
and prominent; superomarginals with one to several capitate tubercular spines; 
inferomarginals with one to three spines; one well-defined, usually irregular, series 
of dorsolateral plates; adoral earina short, composed of one or two pairs of contiguous 
adambulacrnl plates, the first pair conspicuously longer than the second; numerous 
small, crossed pedicellariae are scattered along the skeletal ridges surrounding papular 
areas; straight pedicellariae inconspicuous, broadly lanceolate. 

Some of the nine species listed below will ultimately, I think, be reduced to 
formae. Five species are from the South Australian coast, namely, gymnota , 
multispina , nuda, obesa,' and uniserialis. 

1. UNIOPHORA GRANIFERA (Lamarck). 

Asterias granifera Lamarck, Aniin. sans verteb., vol. 2, 1S16, p. 560. 

Uniophora globifera Gray, Ann. and Mag. Nat. Hist., Dec. 1S40, p. 2SS. 

Uniophora granifera Bell, Proc. Zool. Soe. London, 1SSI, p. 497. — Fisher, Ann. and Mag. 
Nat. Hist., ser. 9, vol. 18, 1926, p. 198. — Clark, Ree. South Austral. Mus., vol. 3, 
No. 4, 1928, p. 403, fig. 117. 

Tasmania. 

I have examined Gray's types in the British Museum, and a specimen in the 
Paris Museum mentioned by Perrier (1875, p. 77), now labeled “ Disaster graniferus — 
Mers Australes, MM. Peron et Lesucur, 1803.’' I have two examples (one with 
six rays) from Port Jackson, New South Wales (U. S. National Museum). 

2. UNIOPHORA DYSCRIT A Clark. 

Uniophora dyscrita Clark, Journ. Linn. Soe. Zool., vol. 35, 1923, p. 244. 

Western Australia: Garden Island, near Freemantle. 

3. UNIOPHORA FUNGIFERA (Perrier). 

Asterias fungifera Perrier, Rev. StelL, 1875, p. 73. 

Uniophora fungi f era Fisher, Ann. and Mag. Nat. Hist., ser. 9, vol. 18, p. 19S. — Clark, 
1928, p. 416. 

I have examined the type, in the Museum d’Histoire Naturelle. It is labeled 
“ Aouvelle Ilollande, 1S44, M. J. Yerreaux.” 

4. UNIOPHORA GYMNOTA Clark. 

Uniophora gymnota Clark, Ree. South Austral. Mus., vol. 3, no. 4, 192S, p. 405, fig. 118. 

South Australia: Spencer or St. Vincent Gulf. 
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5 I N|nl‘MUK\ Ml I.IISPINk Cluck. 

I'ritojhorfi multis pina C*l\uk, Her S* ill Au*tnil. Mm , \nl 3. i «>. I, 10J V j H*7 1 c 110a, 

1 1 lift 

Smith Australia: .War Adelaide. 

C. 1MUIMIOII \ M'I»A IVrHrr 

fite/a lVuun.it, K«'v. Still . Is75. p. 71. 

Cniophora n iihi IVai a, Ain anti Mn«. Nnl Ili-t., m r. 0, vol. is, HWi, p. P*s C\ \f*K, 
tD'JS, p. 417. 

1 have examined tlio type whirls is from Port Lincoln, South Australia, K B. 
Harvey, K«|. (British Museum); Perrier erroneously sa> s that it is from Torres 
Strait . 

7. i Moriioit\ on ks.\ rufk. 

L'niophora of>t*a Ci.ahk, Hoc. South Austral. Mils., vol. 3, No. 4, 102s, p. 4Rl», fu 120. 

South Australia: Kochy Poinl. Eastern Cove, Kangaroo Island. 

S. IMorilOllV SINl SOini IVrri«*r‘. 

.Ijfiriaa fiiKttsonhi Pkhrikh, Rt'v. Stcll., 1^75, p. 71. 

f 'niophora *iuu.*an{a Fisher, Ann anti Mn>r. Nat. Hist., sit. 0, nl. IS, p. tos. ( \ \hk, 
Rec. South Austral. Mus, vol. 3. No. I. I02S, p. 411, fif?*. 121a, \2\h. 

1 have* examined ihr type, in the British Museum, from Unhurt, Tasmania. 
This may he a slendor-spined form of fungiftra. 

9. I MOIMIOHA rMSEUlAUS C lark. 

L'niophora uniserinlis Claiik, Rec. South Austral. Mas., vol. 3, No. 4, 102s, p. 113, fip«. 
122a, 1226. 

South Australia: St. Vincent Gulf. 

Subfamily Notastekhnae Fisher 
Genus NOTASTKIMAS Koehler 

.Wa«(rnri«r Koeiii.ku, British Antarctic K\p , vol. 2, pt. 4, 101 1, p. 35. T\ i>e, Xotn V ta* 
armatn Koehler. Fisa eh, 1023, p. 25s 

Diagnosis. — With eroded pedicelhiriac of a peculiar type, sometimes of very 
large size, having hooked, terminally crossed jaw ^ and usually broad base {macro- 
cephalous Koehler) in addition to ordinary eroded and st rni*rlil pedieellnriao (includ- 
ing a peculiar large piroccphalous variety). Dorsal skedeton consist ing of large, 
cruciform, spiniferous rarinals (alternating sometimes with secondary smaller plates , 
to which short, transverse, sometimes sinuous, dorsolateral arc's of a few plales 
connect the superomarginals; a sporadically spiniferous plate in ihese arc’s represents 
a poorly developed scries of primary dorsolateraL. Marginals large, cruciform; 
one series of spiniferous actinal plates; two dorsolateral series of conspicuous papular 
areas on either side of earinal plates; one intermargimd ; marginal and abnctinul 
spines eonspicuous, well spaced, not more 1 I linn one to a plate, in longiserie*, and 
devoid of a sheath carrying a collar of crossed pedieelhmuc; adambulaeral plates 
diphic'antliid prnximnlly and monacanthid distallv; or diplacaulhid throughout, 
the spines wilhout altached pedicellariiie. 
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1. NOTASTElllAS A KM AT A Koohler. 

Xotasterias nnnata Koehler, 1911, p. 39, pi. 5, figs. 6-11; pi. 6, figs. 1-S; 191 J, p. 25, pi. 1, 
fin. S; 11)20, pi. 7, fins. 7-9; pi. 8, fins. 2-S; pi. 9, figs. 1 0; pi. 10, figs, 1-9; pi. 60, fig. 1; 
pi. 61, fig. 1. 

South Victoria Land, 10 to IS fathoms; Emperor Alexander Land, 297 meters; 
latitude 04° 32' to G0° 55' S. ; longitude 92° to 145° 21' E.; 60 to 354 fathoms. 

2. NOTASTElllAS I1ASWELL1 Koehler. 

Xotasterias haswelli Koehler, Australasian Anarctie Expcd., vol. 8, pt. 1, 1920, p. 70, 
pi. 1, fig. 11; pi. 6, fig. 4; pi. 7, figs. 1-7; pi. 9. fig. 7; pi. 62, fig. 1. 

Latitude 65° 42' to 06° 50' S.; longitude 92° 10' to 142° 6' E.; 60 to 354 fathoms. 

Genus AUTASTERIAS Koehler 

Autasterias Koehler, British Antarctic Exp., vol. 2, pt. 4, 1911, p. 35. Type, Asterias 
pcdicellaris Koehler. — Fisher, 1923, p. 258. 

Diagnosis. — In general structure similar to Notasterias but with monacanthid 
actambulacral plates. 

1. AUTASTElllAS FED1CELLAUIS (Koehler). 

Asterias pedicellaris Koehler, Trans. Roy. Soc. Edinburgh, vol. 46, pt. 3, 1908, p. 577; 
pi. 7, figs. 61-67; pi. S, figs. 74-7S. 

Latitude 71° 22' S. ; longitude 16° 34' W.; 1,410 fathoms. 

2. AUTASTElllAS RON GRAIN! (Koehler). 

Autasterias bongraini Koehler, Deux. Expcd. Ant. Francaise Echinod., 1912, p. 26, pi. 2, 
figs. 10, 11; 1920, p. 74, pi. 6, figs. 5-10; pi. 59, fig. 1. 

South Shetland Islands, 420 meters; latitude 65° 42' to 66° 55' S.; longitude 
92° 10' to 145° 21' E.; 60 to 31S fathoms. 


LIST OF THE SPECIES NAMES APPLIED TO ASTERIINAE AND NOTASTERIINAE 

OF THE SOUTHERN HEMISPHERE 


In the first column is given the species and original describer; in the second 
column, the original genus and date; in the third column, the genus to which the 
species has been assigned in the foregoing summary. Valid species names are in 
roman; synonyms in italics. 


Adeline Koehler 

alba Bell _ 

antarotieum Lutken 

antarctiea Koehler 

arinata Koehler 

atlantica Gray 

asterinoides Perrier 

antipoduni Bell 

auratUiaca Meycn 

australis Verrill 

belli Studer 

belgieae Ludwig 

biseriatus Koehler 

bongraini Koehler 

borbonica Perrier 

braehiata Koehler 


Anasterias, 1920 Lysasterias. 

Asterias, 1S81_ Diplastcrias. 

Asteracanthion, IS56 Sporasterias. 

Pisastcr, 1917 Ercinastcrias. 

Notasterias, 1911 Notasterias. 

Tonia, 1S40 Stiehaster. 

Calvasterias, 1S75_ * Calvasterias. 

Calvasterias, 1SS2 Calvasterias. 

Asterias, 1834 Stiehaster. 

Coclasterias, 1S71 Stiehaster. 

Asterias, 1SS4 Diplastcrias. 

Anasterias, 1903 Lysasterias. 

Cranastcr, 1906 Granaster. 

Autasterias, 1912 Autasterias. 

Asterias, IS75 Sporasterias. 

S alias tori as, 1920 Saliasterias. 
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hraehtata ko« hi* r 

c \{ j-Men.n, ]0J3 

t *r\ } *a *i r n 

1 nindti Hi ll 

1 ti a , 1 ssl 

Ihp.nl rmi 

hrucei Ki*eldi r 

St* a I* na**, 1 9 is 

I > ! hi t* ri 

cnfH*f Perrier 

\M» rta . 1 S75 

( i 'i < t na- 

cl irnpl nr:i htidxx ip 

A hint ♦ u , 1903 

1a r a 

r/uniHira PI il 1 1 >| >i 

AMi ra •anthion, 1 s7<) 

C« - ». • t nn~ 

n nf« rta Koel h r 

knlxpt.i trrim, 1923 

Kal\ pt.» t* run 

cupuliferu Lndxxip 

\tui*t( run, 100:1 

l,\ a li run 

r»ir*r»j ighnnn l*i rrier _ 

A-ti na-, 1 S75 . 

Spurn I* rm 

d\ scritn Clark . ... 

Co-iiwnterun. 1910. 

( <« tna ti nm. 

dy scrita Clark 

Cniephoru, 1923 

Cntoplti ra. 

directum Kofhli r . 

ParaMidm-ter, 1920 

SpornM* run 

fill}* * Shuleti . 

Sticluntir, IssU 

t *i »n a terim 

fochi Koehler . . 

PodnMerim, 1920 . 

I )ip a* terun 

fraciln Stnder 
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fulgms Philippi .... 

racaut hioti, IS70 

Spurn terun. 

fuhum Philippi . . 

A«tenu*nnt hioii, 1 S70 . . . 

Ci m a ti rm**. 

funpifera Perrier 

A-terin-, 1 s75 . .... 

1*1 iopltom. 

ptorpwAin Stnder 

A Mena'S ISS5 

Net IhilnMcr. 

pmunitii Philippi ... 

A-ternennt himi, |S5S_ . . 

Co-uunu rim. 

glorncrtitn Sladen 

A-terhn, 1 ss9 

I )ipla*tena*i. 

glnlffcra Grin ........ 

Cl i< | ihora , ) S 10 

1 in iphora 

pranifera I^imarrk 

A Mena'S ls]0 

l uioplior.i. 

p\ in not a Clark . . .... 

Cniophora, I92S ... 


hartii Rathhnn 

hi ptmteria.-, IS79 


lunxxelli Koehler 

Nota>terin«s 1920. ... 

Notn-U rias. 

ln hi a Vo r rill 

St« phnna.-terim, 1915 

\UoMiclmMer. 

heptnrth Clark 

Peri.-.-interin-, 1920 

. . Pi ri.v-«nterim. 

hyalrn t Perrier .... 

A *- 1 1 rm.< t ISM) 

Spormt* rum. 

iiiaeipialis Koehler 

Allo-tieliaMer, 1923 

Alh * M ielm-ter. 

induta Koehler ... 

1 Sphnterias 1 90 S 

C *r\ ptn«-tenm ?, 

inrrmni Hi II 

Astern*'*, ISM 

. See p 15. 

irrepulariH Clark 

Stnihnterun, 192s 

SinihnU 1 ria*«. 

in-ipni- Panpilmr 

SticliaMor, 1 S95 

All i-t ieha**ter. 

jolTrei Koelder . . . 

Piieda-terun, 1920 ... 

1a savieria- 

lacle/i laidxx ip . . . ... 

Ann.-terim, 1903 

L>smterim. 

Iae\ ipatn Hutton 

\-tcrins, 1 S79 . 

Calx a 1 terun 

/iHoro/n Kanpihar. 

St i< t aMer, 1 s95 

Calx mti ri.n 

U mil Pt rrier . 

Dipla-tcrms, 1 ssl . 

I Uphnti run 

lurid iin Philippi 

\Menicnnthiim, |s,>\ 

t 'leinmli ruf*. 

lutktni Perrier 

I hphnteruN. 1 su] . 

1 hphnti rm- 

na Vi mil . 

At «*-tt run, pi| 1 

hx '■rnti r a- 

tiienrlim alh P< rrier . 

AM* nil", ls75 . . 

Dtpla-li rias 

inawwiii Koehler 

Pn r »-t h li nt* r, 1 <»2M 

."1 *r. -ti na-. 

iiiiunta Pi rrier 

\nnMi mi* , 1 s75 . . 

At a-ti r a- 

miU PI ihppi 

AM* r.o :u tl mu, 1 s7o 

C« *ma-ti nm. 

rnnll n St ildiT . . 

\-ti run. 1 ss 1 

1 Wpln-ti rm-. 

multnpinn Clark . . . 

l 1 lopfroHI, |92s 

l*tiio| 1 ora. 

Ticihtarum Hi II Sladen 

\M« run, 1 ssu 

Si e ]> 21 

nrglfcta H< 11 

A-W rifts 1 ss l 

Dipla-tc nai 

ricor»n/unira Farcpdmr 

Tnr-.nter, 1 S‘h r > 

\llo>ticha-ter. 

inula Perrier 

\st« run, |S75 

Ci li pi ora 

nutm Studi r 

Slid n-t« r, 1 ss, r , 

Graua-ti r 

octoradiala Kindlier 

\ unMi rim, 191 1 

hoi 1 h ra-ter. 

olw'aa Clark . 

I "nil phi ra, 192s 

1 t t pi i ra 
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obtusispina Clark 

obt usispi nosa Bell 

papillosum Terrier 

papillosa Koehler 

pedieellaris Koehler 

pedieellaris Koehler 

perricri Smith 

perrieri Studer 

philippii Bell 

polygraimnus Sladen 

polyplax M idler and Trosehel 

polvaeantha Clark 

radiata Koehler 

regu laris 

rugispina Stimpson 

rnpieola Verrill 

sealprifcra Sladen 

sinusoida Perrier 

spcdabile Philippi 

sphaerulatus Koehler 

spirabilis Bell 

spin os a Perrier 

steineni Studer. 

stolidota Sladen 

striatus Muller and Trosehel. 

siudcri Bell 

stnderi Perrier 

siudcri de Loriol 

sulcifcr Perrier 

suteri de Loriol 

tenera Koehler 

terwieli Goldschmidt 

to mid at a Sladen 

triremis Sladen 

turqueti Koehler 

uniserialis Clark 

varium Philippi 

verrilli Bell 

vesiculosa Sladen 

victoriae Koehler 

vietoriae Koehler 


Perissasterias, I92G 

Asterias, IS81 

Astcrodermn, 1891 

Diplasterias, 1906 

Asterias, 190S 

Sporasterias, 1923 

Asterias, 187G 

Anasterias, 18S5 

Asterias, 1881 

Stiehaster, 1SS9 

Asteraeanthion, 1 S-14 — 

Perissasterias, 1923 

Cosinasterias, 1923 

Allostiehaster, 1928 

Asterias, 1SG0 

Asterias, 18S1 

Smilasterias, 1S89 

Asterias, 1875 

Asteraeanthion, 1870. _ 
Parastiehaster, 1920 — 

Asterias, 1SS1 

Diplasterias, 1S91 

Asterias, 1SS5 

Cal vast erias, 1S89 

Stiehaster, 1840 

Asterias, 1881 

Anasterias, 1891 

Gast raster, 1904 

Asteraeanthion, 18G9... 

Stiehaster, 1894 

Anasterias, 190G 

Smilasterias, 1924 

Cosinasterias, 1889 

Smilasterias, 18S9 

Diplasterias, 190G 

Uniophora, 1928 

Asteraeanthion, 1870... 

Asterias, 1881 

Asterias, 18S9__ 

Coseinasterias, 1911 

Anasterias, 1920 


Perissasterias. 
Diplasterias. 
Anasterias ?. 
Adelasterias. 
Autasterias. 
Anasterias. 
Sporasterias. 
Lysasterias. 
See p. G2. 
Cosinasterias. 
Allostiehaster. 
Perissasterias. 
See p. 21G. 
Allostiehaster. 
Sporasterias. 
Sporasterias. 
Smilasterias. 
Uniophora. 
Cosmasterias. 
Sporasterias. 
Sporasterias. 
See p. 21G. 
Neosmilaster. 
Calvasterias. 
Stiehaster. 
Diplasterias. 
Lysasterias. 
Cosinasterias. 
Cosmasterias. 
Calvasterias. 
Lysasterias. 
See p. 217. 
Cosmasterias. 
Smilasterias. 
Cryptasterias. 
Uniophora. 
Sporasterias. 
Sporasterias. 
Bathv asterias 
Diplasterias. 
Lysasterias. 
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EXPLANATION OF PLATES 


Plate 1 

Figure 1 . Asterias amurensis, cotype; Amur country, eastern Asia; actinal surface, enlarged. 

2. Same specimen; portion of abactinal surface, enlarged. 

3. Same, Pctropavlovsk, Kamchatka; portion of abactinal surface, natural size, alcoholic 

specimen. 
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Asterias amurensis 

row EXPLANAT ON OF PLATE SEE PAGE FACING. 
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If r i it t * > t :i 1 1 < h I J, ‘••mil* opn him ii :i> I ujuri .‘t; ] m «rt i< >n ot act iiimI surface, 
* nlnr&!t<'(. 
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''miih. • t *i f i« >t * . >|M , riiiu ii 1 1 m » n uiiiclitlt rnpi i*ui lx- 1 «l. 
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Plate 3 


'I ( i L‘ H K 1 


1 . 

5. 

(>. 


Astcnas nmur< nsm forma atunnala, station 3231; actinal surface, reduced. 

Aslcritis atnnrensis forma iimnrt usis, Petropavlovsk, Kamchatka; portion t »f actinal sur- 
face, alcoholic specimen. 

Same, Petropavlovsk, Kamchatka. 

Sana 4 . \o. 7031, Norton Sound, Alaska. 

Same, station 3212, actinal surface of Plate 2, Figure 1. 

Same, station 3213, actinal surface of a medium-sized specimen showing arrangement of 
plait's; a, actinal (rudimentary); /, inferomnrginal; in, intermarginal (two series); 
n, superomargiual. 


25 s 


U S NATIONAL MURIUM 


U ♦ LI I TIN * PAN T 


r*i ati 



A T | Nl A AM| N( N I 


*» A » 




U & NATIONAL Ml 


BULLETIN 76, PART 3 PLATE 4 



ASTERIAS AMURENSIS 

FOH EXPLANATION OF PLATE SEC PAGC FACING. 
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Plate 5 

Specimens to show growth stages; > 2 


'k.i kls 1 IP Station H*2 1 1. 

1 (>. Pctropavlovsk, Kamchatka. 

Note. Young specimens are easily mistaken for L< ptnslcnas. 
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1. 9. ASTER1AS AMURENSIS ROLLE^>TONI. 2 8. 10. 11. A. AMURENSIS AND FORMAE 

For explanation of plate sec page facing. 
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1 i « • t id 1 Ant* nti* ntn r< rt*ts roll* nfoni, Mororan, llokka » A • irtnalrn *■» A •« I * * . » r».» u Jl 
min , PH). 

J 1 nft run um <r* r <m forum H mur*r am. o * t> |m , Vmnr 1 mm hi .tluut i m 1 -pi « 1 1 h » 

Jo • 2h. Knun infiTniimrmii:)] *|imr\ it ‘-Ml mm., PH). 

it. >.iiih\ from in f«*rt >id;i run n:i 1 «• { n n«* of :i iVtropax lo\ -k s|h r im n. wit K s7 inm ; p * - 
rollana 0 it-’ mm t PH). 

itu From n fi'romaminal -puto of lartn 't I Vt ropax lo\ -k sprcimon K lild nun , PM) 

I. Mine, from infrroiiiumina) -pit »• of Norton Soui «1 vporinn i . <».J7 mm.. PM) 
a Ut'im ntf nr.ns forma Mattoii itJitl; from an almMital *-pn«\ o J7 um . 

pit) 

on Matmn itjitl ; from an mft romamu a] spu v, M ith mm , PM), 
n Satin-, (’.ipi Lt-lairi r >pt citin' n ; from at mf< n maminal s-pti i\ t) it n tn . P*i). 

7. ls*rm. (jmi forma n t <■ , - 1 at ion iVJJ.Y s.'» fall » in**; from /u n l* n in ire t a) 

-] mih 1 , 0 it I mm.. P D 

s > i n if . -tatmii .titiia, !MI fatln ni-; fr« tn 1 1 > f« in mammal - pi r r. O.itit mm . pMt 
'► lv<ruoi» n r * * rttUm nni t Mororati. Mokkanlo. Mutt tir a I M r:t*irl t p<|i« • tn.i* <) f* 

mm , at). 

I >• From a« ttnal surface, () 7J mm., at). 

'■* 1 roin a f irrow spmr, H la nun.. PH) 

P* 1 imn iimtrtrani furniii rutip*. \iiuir ; a. ai i*t< rmar^ir *u -t r.i t p I - 

it Inna, t) 7a mm . 5P; /», r, tlir tip*, uf two j.nus pn, 

II 1 M rui un r»f«i< forma m <»n »;/«r. -tapot it'Jitl ; a mia M at ri'*-* ni Iiim) ►rf ir*. 

I a-.i) t laird of ra\ ; - • i p< rotnart'ih.iN; I n f» n mamu a u, a, i, t' n « . 1 in • 

« ral )il itr-. 
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Plati: 7 

1 u;i uk 1. A slcrias mu urinais forma amurc?isis r Norton Sound; a straight pedicellaria from a furrow 
spine, 0.07 mm., X MM). 

1//. An ahaetinal pedicellaria, 0.43 nun., ■ 100. 

2. Aster ins <unnr< ttsis forma cinomahi, station 15231; an actinal pedicellaria, 0.70 nun., X50. 

2a. Tip of an actinal pedicellaria, X 100. 

25. A ])edicellaria from a furrow spine, X 100. 

2<\ Two abactinal spinolets, upper 1.25 nun., lower 1.0s mm., X 15. 

2 <1. Two infemmarginnl spines, 2 nun., 15. 

3. Astcrias a rn urcnsis forma (utntrrnsis, station 3250, 17.5 fathoms; actinal pedicellaria, X50. 

1. Forma anowala, (’ape Lisburne, Arctic Ocean; a, an actinal pedicellaria, 0.0 nun., X 50 ; 

b, lip of one jaw; e , tip of two jaws, X 100. 

5. Aster ins nmumtxis forma amnrcftsis, cutype, Amur Province. Abactinal spinelet, 1.2 
mm., > 25. 

5c. Adambulacral armalure from furrow face, X 10. 

<». Same, Pet ropavlovsk, largest specimen, H 130 mm.; armature of three consecutive 
adambulacral plates near the base of ray, X5. 

7. Same, station 3212, two consecutive adambulacral plates, X5. This is the specimen 
upon which the account is based. 

s. Same, specimen from station 3335, 03 fathoms; adambulacral armature and an infero- 
marginal spine, /, - 5. 

0. Saint', Petmpavlovsk, an actinal straight pedicellaria, 0.70 mm., X50; and tip of another, 
a 100. 

10. Same, station 3225, *5 fathoms; an actinal straight pedicellaria 0313 mm., X5G. 

1 On. A tip, X 150. 
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I 3. LEPTASTER.AS GROENLAND.CA 4. L. MULLERI. 5. L. ARCTICA 

For explanation of plate 


F PAGE FACING. 


1*1. \T N 


I it.* hi 1 l.t *i< him ini, :i i li.irtnml rros** d p« dm 1 1 r i:i of forma mb ? -t I. t 

11252. 0 21 min.. ‘Jim. 

1 fi Mat ion .I5d7. t t d of a ! >1 1 < l« , 200. 

l>< Station 550«». form. i grotihif / #*u; ♦•ml of a crn^r l prdm-llarta. Jim 

Ir Mat on :i50ti, f . rit i:i i/rnf »/ r*i a \ ♦ r> lartt** a\ill tr> *t raigld pt lic« ILtnft 1 JOmm .">0 

M. Station ;W52. forma rriAriirni; an intermarmnai .straight | *• -c I i«*« ilaria at* I an in"' I* » \ 
of a jau . tt s mm , 50 

I* .law of tl*‘ sl» ndrr lai#rrolnt« >ort, 50 

2 l.t f ii.v . r *j< ( jrtn i hnoi n i forma rrthnir «t. station 5252. al a* tmal *pin» It t , 0 5*2 mm 50 

2a Stall *n 555n. al •»♦ tit al *ptn* lot. 0.55 mm , 50 

2*i Mattoi 11501), t w o al i.art mal s|Mti< a s forma (jrm nbtt rf cu will pod m liana draw n t i». 
lot in r > i • 1 1 u o ti mm . 50 

5 /,» / 'uii»r fM (/r^o </ oi, nlf ('ajio 5 ork, w*M roast if I Iroi nlatid ; at aha* Pi al <*r s,»- ! 

jiodirrl art i 0 225 mm , 200 Mimlarh shn|M*l adalul mineral *tpihr pi I ♦ ir*a 

an 0 27 mm lot n. 

5 1 Muir, ! tv <r S*r.nt, otf Ka-a S t n trt i of S l»-ria V s ulrirt i* d p ho ir t 
0 2 n m.. 2oo. 

1 L* t i . 1 1 r !• r . rtorthwtst ,.f H» rm i , on 200 fatl^nns, ^1« i •!« r raw, a - ♦ t -• I 

pi lie l'-iin, Ihk-niiist tun \o 751. 10ii. 

I i •lift*, tw i jaws, W ahli unlia. 10 fat) oli.s, Klksiu I*m Util, No. 715, 200 

\b. > in ♦•. s| |c \ w f jaw , m rt wot « f M* rm ? , Hi* "in t-r ini, No. 751 , 200. 

5. / / n . n n r'.ci forma urn n mt\pt. l'«,n t I'rai khn; a.\ if ilu< final p« In - ira 
2oo 

5 > m i il 2i> i 'i 200 

5/*. Sitim, 1 lit). 

5 r. mii i». T \ir Ho o 2 > nm . I On 
5 / ,’ s .»im . '200. 

5» Sim*, | ♦ i in *•« fr it "tat - 1 i 555'* i lirntdatn hitwtiit form i «* ,* f r * a 

bt f <]t t <♦. » i t; I i I I 27 Hilt. 200 

5* /, <i r i m I "ina t-r*r ]< t , t s p . si t .1277. al «i t i*al. J0O. 

5 1 > lit * "t it* ,| :i2‘*l 0 27 DM MM i 

54 >.iiii, , st.itnn .JOJ it id* < f jaw, 1* m* w , 200. 

2n l 


Plate 0 


L e pta ster i a s a ret i c<t 

niE 1. Station 3204, forma beringnisis , abactinal skeleton, external view, x5. The lowermost 
row of plates ic-c) are the carinals; AJ), direction of disk. 

2. Specimen from northern Boring Sea, forma nrctica; abactinal skeleton from eoelomie 

side; c c, carinal series; X 10. 

3. Station 3501, forma beringensis; abactinal skeleton, from eoelomie side. This specimen 

has a heavier skeleton than Figure 2; c c carinal plates; X10. 

1. Station 3530, forma beringensis; specimen with robust rays. Small portion of abactinal 
surface showing carinal spines, X5. 

5. Station 3512, forma beringensis; odontophore from above; /, interradial septum; ambu- 
larrnl ossicles on either side; X 10. 

0. Station 3530, forma brringnms; adambulaeral, actinal, and infonunarginal spines; tliroe 
consecutive adambulaeral series are shown; A I), adambulaeral; A(\ actinal; / 
inferomarginal; ,• 10. 

7. Korina nrctica , straight pedieellaria from a suboral spine, cotypc, X 50. 
s. Forma nrctica , an unguieulate pedieellaria from actinal interradial region, eotype, X50. 
0. Station 3543, forma beringensis; two views of an actinal interradial or axillary pedicel - 
larin, *'25. 

10, 11. Station 3513, forma beringensis; two unguieulate abactinal pedicellariae, the larger 
O.'J mm. long, ;< 50. 

12. Station 3513, forma beringensis; a straight pedieellaria from furrow face of adambulaeral 
plate, 100. 
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1 4. LEPTASTER1AS ARCTICA. 5 11 L. HYLODES 

FOR EXPLANATION OF PLATE SEE PAGE FACING. 
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Vi \n In 

I /.. / fs ' } if ■ ‘ t f* >r 1 1 1.1 ft* t o* » , 't IT *1 trill l .c? t i J I 

\ i/.U Ma V , \ t k i JOn. 

2, Ja /.» f •; h i*m ire/ w < t cti, rot \ pc, l*oii t l’ra • ► • . i »• • 

furrow spines O.Jtj nun.. inn 

it /,# <•»*** u v/.oi form. i / r t/i * + Mat ion it jn J j. |in i ir a fr* in f . r p» 
min inn 
.tn ''.uni , j.tw , Jim. 

I Itj ( ft* * it* arc int forma •; \ » i Tu^ from l>ro»n| ‘ po ♦< ..t f* i ml* 

:iit*u urn it to common «■« i tral lohul.ite m i»s. N »m ro > str.u I \ut , m it 
arc shown is*, nmt from t! c mn s 

*i /.* pi iif r (M A ililt , st itioii JM7. ahicfinil pnlic l ari i from iru* *l> nmr*i 

» J7n n m , inn. 

.*i»i >.nn< • i i jaw , Jnn. 

•Vi .> unc, t ip of jaw . jnn 

t» unc, ilw at f form stat u J^Vi alatlnaltM I c* hm.t. Inn 
tin \ j iw . Jnn 

7 >ai i* . si ,n . , Js.V»; j iw « f a firr>w-sp , j. Iiokirli. Jnn 

7u M it ion J^*ii ; .u a hi ml • il.ni.il pi he* 1 m i sinn’.ar t<< t • .*1 ».u t • i , jnn 

n >. mu , tv pc spit* . i js.M . .in nl .M ’ ii il pc I ci llan.i. I0U 

n < imc. si it 1 1 1 * Js 17 ; a* a\ ur\ u u nc il.itc p. pci | ir i fr >m ,n t il i t. rr 1 

i io mm . j;» 

in Saint . t \ p» stjt ii js;,l ; u 1 ,r il spn ( n ns mu 7>n 

11. \iiim . t.it j.. Js.*»t»; »lw irf f'*rm Matt *al s| n , |< t 0 7t* r ii« 7»n 

lift. > urn p« » tin i i s.jpi r it- iruit i pi i 7)0 

II l> > mu , a f • n ow sp* i « 7,n 
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Plate 11 

Kki hue 1. Lcptastcrias hijpcrborca , Icefjord, Spilzbergon, abaetinal pedicellaria, X100. 

1 a. One jaw, Riksmuseuin, No. 124, X200. 

16. Same, Cross Pay, Spitsbergen; jaw of abaetinal pedicellaria, Riksinuscum, No. 330, 

X200. 

Ir. Same, abaetinal pedicellaria, Riksmuseiim, X<>. 720, X100. 

R/, lc. Ieefjord, Spitsbergen, Riksnniseum, Xo. 121, X50; Id, marginal 0.75 nun.; lc, abac- 
tinal, 0.67 mm. 

2. Lrptaslcrius oricnlaUs , station 5024, abaetinal crossed pedicellaria, 0.24 mm., X200. 
2a. Same, station 4810 (sec text). 

26. Closely related race from station 5047, off Bay of Sendai (see text). 

2c. Oricntalis , station 5024; abaetinal pedicellaria, 0.27 min., X100. 

2d. Same, Okhotsk Sea, 57° 36' N., 1 10° 3 1 E.; abaetinal pedicellaria, 0.31 mm. 

2c. Same, station 5024; straight pedicellaria 0.S mm., X59. 

2 /, 2 g. Same, jaws of two straight pcdiccllariac from actinal interradial area of example 
upon which description is based, X50. 

26. Same, station 5021, carinal spinelet, 0.0 mm., X50. 

3. f.cplaslcrias fishcri, Okhotsk Sea; abaetinal pedicellaria, 0.32 mm., X200. 

за. Same, one jaw of an actinal axillary pedicellaria, X50. 

зб. Side view of a similar pedicellaria, 1.17 mm. long, X50. 

3c. Same, pedicellaria from an adambulacral spine, 0.7 mm., X50. 

3d. A dorsolateral spinelet, 0.0 min., X20. 

3c. An inferoinarginal spinelet, X20. 

3/. A carinal spinelet, X20. 

3 tj. A snperomargiiml spinelet, X20. 
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Ml ti i r* . l.t p ti'ift r .m »r/n7, 

.ini l Mwfi'i.il c -« I p-'dirclUnn, 0 JX*» mm, JOM. >p« i m* ? N M \< 

>. ,1 H > S ; (..11 Mid li i dnrf 

Id I’w.i pmlllr \h\\h *>f jaw-. 

1 />. > mu 

l.\ ll»*l 1(‘ nf rr l nf J l\V, j)l Id In 1(\ sji M-Ulirli lujjr. l mi Plat. 27. 

2 I'rnsMil | m*i lie -ll.iri i I rnin an ndtimlitibuTal ^piif • pr.<t 1* \ n m . 

I'd Ii-.lr of .id nf j.t\s i*. * 1 1 1 1 > i r. ’ w it 1 I c , J00. 

‘1 riirvt iil.art uta I ‘•pint lots, nO. 

I Twn nliirlitml «*pnii a li t\ l li.it mi rnjlit fr in ran al rn*, .“() 
a \n . i \ i U ir\ str.uisM p In* llan i. O 7 mm I >i u. 100 

0 \ Hiu ill ,il i-u i i ti ni r.nul t pi din 1 an n . inn 

7. 7 i >triipt p ■ hr II ma nf a latnli ilarra -pm» ; i pr. ft • \ n w , i l U V 1 «’ 

t \\ i . 1 lit r. i l jaw . 100 

s s i Yw . ii f. r mnnjiri il -| in* . r \ .Is 

0 rial! nf hK. 1 t ..n ( f im.) II. nf rn v fnni ai tn -il p 4. s l < ' icirh to oiriw . * . r 

m in^i a 1 plat. -lippS l, h. etiud'tn i pi rmii ir^iMIt - r r- -- i*i 1, -. ( ■ itr* * 

tn i nr i a id 1 *4ln k. 5. N 1.1a 1, M s a l l K v > ; t* Mil. r 
10 Mi rl ,i r • 1 f r-1 l u • \ :»-r- *>f a lam i a. r il plat. - U>, 
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Plate 13 

Le])tasterias (X wisterias) utolacantha 

iGt-HK 1. Projection of skeleton of base of ray, the small circles in 1 Wo intervals indicating papulae; 

base of ray on left; ><S. CAU <\ carinal series; l ), dorsolateral; X, superomarginal ; 
l , inferomarginal; A, two series of aetinals; A 1), adambulacrals; g, point when* 
gonad is attached. 

2, 2 a. Abactinal spinelet, showing the sheath and its crown of small pedicellariae, X 10. 
26. Marginal spineh'ts, ■' 10. 

2c. Outer (left) and inner adambulacral spinelcts, XIO. 

3. Adambulacral spinelet, 1.5 mm., X30. 

3«. Marginal spinelet, X30. 

3 h. Station 3310. marginal spinelet, X30. 

•I. Mouth, angle; g , genital papilla; XIO. 

5. Abactinal crossed pedicellaria, 0.135 mm., station 3321, X 200. 

5«. A jaw, -100. 

56, 5c. Two views of adambulacral pedicellariae, station 3321, X 400. 

0. An axillary straight pedieellaria from near genital papilla (see fig. 4), 0.43 mm., X 100. 
Off, 06. Abactinal straight pedicellariae, 0.30 and 0.29 mm., XI00. 

Gc. From adambulacral spinelet, 0.23 mm., X 100. 
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Leptasterias arctica 


FOR EXPLANATION OF PLATE SEE PAGE FACING 




Tlatk 1 1 
Lrpta*t<ri<u* nrctica 

'h.rttK 1 Forma arctica , cotype, No. <b2.>. ^ 

2 Sun-, probably station 351 1, 50 N.. l»» s -1 

3. Same, locality lost, cleaned to .show >ke!et m. 

1 S:un\ Nikolski, B-rinc Islands. 

", Forma btrimjt nsis. station 33*3. 
o. Siiinr, station 3302. 


\V. 


2 op 


Plate 15 
Lcptaslerias arctica 

Ficsure 1. Forma arclica , station 3559, not typical. 

2. Forma bcringcnsis , intermediate with f. arclica , station 3519. 

3. Forma bcringcnsis , station 3293. 

4. Same, station 3291. 

5. Same (type of forma), station 3277. 
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Leptasterias ARCTICA 


TOR EXPLANATION OF PLATE SEE PAGE FACING. 





Plvti. Hi 

I.t ft tislt rins orcticn, enlnrm il 

| 1 1 , i ia 1. I nrma orctica, 22' N . H»s l*V NN * 

J Korma n rujt tims, station •iJ'.M. 

S:iun\ .station 35tM. 

1. Samr, station 
.1 S.iiiu*, Matinn H291. 
i» Sum*, station itnlO. 
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Plate 17 

Lc piasterias hylodes, X 1/3. 

. Station 285(1. 

, 3, 4. Station 2847. 

. Type, station 2851. 

272 


I rb NATIONAL MUSI UM 


U . LLI I IN * I'AR r » M A 1 C I 



Llptastlrias mylodcs 


fkUNI JO JII 


fo* i or rL*t» 


(•*!** S , 




U. S. NATIONAL MUSEUM 


BULLETIN 76. PART 3 PLATE 18 



1-3. LEPT ASTER I AS HYLODES. 4. 5. L. (N ESASTER1 AS) STOLACANTHA 


FOR EXPLANATION OF PLATE SEE PAGE FACING. 
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"li.t it Fs 1,2,3. Lt pin. b rids I jlo<L-, t Mahon 2s51, 2 l .. 

•I. Lt ptast* riax (.V * sasft rias) stolacantha, station 3321, * 2 J . 
o. Lt plastt rias XtsasUrias stolacautka, t\ pe, station 3322, 


Plate 19 

Figure 1. Lcptastcrias hyperborea, Spitzbergen, No. 207, Riksmuseum, Stockholm, X2. 

2. Leptasterias orientalis , Okhotsk Sea, 57° 30' N., 140° 34' Fj., 100 motors, mud, ;<2. 

3. Lcptastcrias orientalis , station 5024, X2. 

274 


u S NATIONAL. MUSEUM 


BULLETIN re PART 3 P A E 



U. S. NATIONAL MUSEUM 


BULLETIN 76. PART 3 PLATE 20 



1,2. LEPTASTERIAS F1SHERL 3. L. ORIENT ALl S 

FOR EXPLANATION OF . PLATE SEE PAGE FACING. 


I*i. \rh jo 


i « . i hi 1. L* pttisft «is' yi>7 t • Okhotsk N':i, oO 03' V, 111 us ] llo nu’ti rs, id 1 1 « 1 , 1 

*J. !.• phi t*n<is Jishri, ai*tin.*il vi<*\\ nf Kieniv 1. J 

3 L' ptnsti ruts on‘i nfri/r*. Okliot «.k 57 30' \ . 1 |o 31 }. 1 1 lit m> t»Ts, until. \lu»t...u 

\ iu\\ of l*l:itr 10. l-'iainv ‘J. I 1 


Plate 21 

Leptastcrias grovnlandica , X2 

Figures 1, 2. Forma cribraria , station 3252. 

3. Forma grocnlandica, station 3520. 

4. Forma cribraria , NO. 1340. Arctic Ocean. 
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LEPTASTERIAS GROENLANDICA 

Tor explanation or plate see page facing. 







Plate 22 


Lcplasft rias grotnlatulica. 


Florae 1. 


3. 

t. 


Forma grot idattdica, station 350G. 
Same, station 3520. 

Forma crihrnria, station 3522. 
Same, No. 1310. Arctic Ocean. 
Same, stati m 3252. 
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Plate 23 


Lcplnslvrias grumlandica forma groenlandica, 

Figure 1. From north of Asia, Stanford collection. 

2. Station 3531. 

3, 4, 5. Station 3252. 
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1, 2. Leptasterias GROENLANDICA."! 3. L. COE1 truculenta 

FOR EXPLANATION OF PLATE SEE PAGE FACING. 






Figure 1 
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Plate 21 

. bptathrin* groctilaudica forma <7 roinlamhca, station 3500, , ! • RwcinbU* L 

hypt rborca. s . 1 

Lcptastiria* grot nlandica forma, cribrarin, .station 3o-L, 1 - 

Lrplaxtcrias cnti trucubnti i, station 1770, Xl 3 s- o-r, 


Plate 25 


Figure 1. Leptasterias coei truculonla , type, Captains Bay, l nalaska, X 
2. Same, station 477P. 
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LEPTASTERIAS COEI TRUCULENTA 


FOR EXPLANATION OF PLATE SEE PAGE FACING. 
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Plate 27 


Leptusterias ochotcnsis, abaetinal view of specimen from Zoological Museum, Copenhagen; X a 
li( tie over 3. 
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LEPTASTERIAS OCHOTENSIS 


For explanation of elate see page FACING. 






I*LATK 2S 


LcjttasU rias ochoftnsi s 


Fic;i un l. Acliual aspect uf Plate 27. 

2, 3. Two views of Brandt^ var. vuicrobrachia, 
Dr. Tli. Mortensen. 


Zoological Museum, Copenhagen, 
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Plate 21) 

Figure J. Lcptastcrias cod Iruculcnta , station 4770; nbactimil pedieellariae, 0.3 mm., X10D. 
\a. From adambulacral spine, 0.27 mm., X100. 

16. From adambulacral spine, X200. 

1 c. Abactinal, X-00. 

Id. From adambulacral spine of type, X-00. 

1 c. Type, abactinal, X-00. 

2. Lcptastcrias coci truculcnta , two abactinal spinelets of tyj)e, X25. 

2a. Same, station 4770, abactinal spinelets, X25. 

2b. Type, actinal spine, X25. 

3 Lcptastcrias cod. Type of Orthastcrias merriami Verrill, abactinal pedieellariae, 0.3 mm, 
X 100. 

3a. Same specimen; from adambulacral spinelet, X200. 

4. Lcptastcrias coei Iruculcnta , station 4770; abactinal straight pedieellariae, X50. 

4a, 46, 4c. Same, station 4770; three views of intermargiiial pedieellariae, the largest 
1 mm. high, X50. 

4r/. Same, type; intermarginal, 1.2 mm., X50. 

4c. Same, type; from adambulacral spine; X 50. 

4/. Same, type; from bonier of adambulacral furrow, 0.20 mm., X50. 

5, 5a. Lcptastcrias coci. Type of Ortbastcrias merriami Verrill; three views of lateral straight 

pedieellariae, X50. 
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1. LEPTASTERIAS POLARIS. 2. L. POLARIS BOREALIS. 3-5. L. POLARIS ACERVATA 
FOR explanation of plate see page facing. 


Pi. vti: 30 


VII p ‘dierllariae nbactinal specific 1 


'igciik 1. Lt ptustt rms /mfans, Pax is Strait. No. 3ss3l. I'. S \nt. Mils ; on** jaw of a cr<*s»* l 
pedieellaria from side, 200. 
la. Same specimen, length 0.20 mm., • 100. 

16. Same specimen, end of jaw, • *200. 

1 c. Sam**, Pisco Island, Greenland, Xo. loSlo, l . S. Xat. Mils., Icnutli 0.20 mm., IOii 

2. Li ptast* riu.s jiolans bormlix, West Hank, from a verx lar^e specimen, lenuth 0 27 mm 
2 <i. Sam**, ('ariboti Maud, Labrador, No. 1307, M. (\ Z ; specimen with 'paced rati it 

1mm spines, 0.2t> nun., 100. 

26. Same, Newfoundland Hanks, 0.20 mm., * 100. 

2<\ Same, (hi'pc, Quebec, M Z. f 1 30x, 0.27 mm. 

’2d. Same specimen, a jaw, 200. 

3. Li' pt a *t* ruts polnris aarntln forma <i nrvata, No. 0111, l\ S. Xat. Mus., ('ape Lisburr* . 

Alaska, 0.22." mm., • 100. 

за. Sam** specimen with small clusters of spines resembling pi. 37, lig. 2>; a jaw, „ 200. 

зб. Same, otf Indian Point, Hernm Sea, No. OOsO, !\ S. Xat. Mus. pi. 37, fig. 1) 0 22.7 

mm.. > 100. 

3<\ Sam**, station 3100; xarictx with v* ry large hivnlxcd straight p*<die**llariae, 0.32 mm., 

100 . 


3</. Sam** specimen, 200. 

3<\ Same, station 323.7 pi. 37, lie. 2), 0.22 mm. 

5/. Sam** specimen, 200. 

3 ij. Same, Xn. 300s|. I . S Xat. Mus., * >IT St. < icurgc Klaml, Bering Sea, 0.30 nun., 200 

I. Same, pedieellaria from an adambnlaeral spine, 0 31 nun., 100. Station 31'*0. 
same specimen as Figures .7a. .76. 

la Indian Point, Bering Sea, same specimen as Pimm* 36; pedieellaria from an adamb i- 
lacral spin*'. 0.23 mm., 200. 

5. Li ptaaUrins polaris ac* rvntn forma pohftfuln, station 3.71 s *: pedieellaria fr*mi an ad.unb i- 
lacral spine 0.30 nun., * 200. 

.7«r. Same, station 32.71; an a lambulaeral crossed pedieellaria, 200 
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Plate 31 

All pcdicellariac are abaetinal unless specified 

IGUUE 1. Lephislcrias polaris aecrvaia forma pohjthda , Xo. 15817, l T . S. Xat. Mus., Arctic Ocean 
north of Bering Strait, 0.25, X200. 

la. Same, station 351 S, specimen with well developed abactinal spines, 0.27 mm., X200. 
15. Same, station 3251, very large specimen, 0.26 mm., X 200. 
lr. Station 3430, 0.20 mm., X200. 

P/. Same specimen as lr, end of jaw, X200. 

lr. Same, station -1705, off Kamchatka, 0.27 mm., X200. 

If. Same specimen, X100. 

2. Lcplastcrias polaris actrvata forma aphclonola , type, station 2850, 0.27 mm., X200. 

2a. Same, typo; two pcdicellariac showing dilTercnt contours, X100. 

25. Same, station 3214, X100. 

2c. Same specimen, 0.27 mm., X200. 

3. Same, type; a pedicellaria from an adambulacrnl spine, 0.34 mm., > 100. 

3a. Same, type; a rare form of giant crossed pedicellaria from adamlmlacral spines, 0.45 

mm., X100. 

35. Same, Old Harbor, Kodiak; two adambulacrnl spine pcdicellariac, 0.25 mm., X100; 
jaw, X 200. 

4. Same, type; a rare form of straight pedicellaria from adambulacrnl spine, 0.16 mm., X50. 
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1 . 2 . LEPTASTERl AS POLARIS ACERVATA. 3 . L. POLARIS BOREALIS 


FOR EXPLANATION OF PLATE SEE PAGE FACING. 


l’LATh 3' 2 

All straight pedicellariae 

'n.ntr, 1 Lt ptaslcruis polaris actrrnfa forma apfnlonoh i, t}pe; large-tout In- 1 pedie* Ihmn f: m 
intennurginal channel 1.1 '2 mm. long. 

hi, \h, Ir. Same, abartinal and lateral pedieelluria and ( wo detached jaw**, 50. 

b/. Same, from mlamhiilncrul spine. 0.03 mm., 50. 

If, 1/. Same. Old Harbor, Kodiak, lateral. O.S mm., 50. 

\g. Same specimen; two jaws of an axillary pedicellaria, of the type common in the t> pc 
specimen but rare in this. 

l/o Same specimen, jaw of an actinal pedicellaria, ’ 50. 

2, 2n. /a phistcrias pularis actrvntn forma ac*rvala, Cape Lisbon e, Alaska. No. nil I, l . S. 

Nat. Mils.; two views of an inlet marginal pedici llaria 0.75 mm. lot g, 50. 

2b, 2c. Same .specimen, small abaci inal pcdicelhu iac. 

2d, 2* . Same, station 31*Mi; two \ie\\s of intermnrgiiial pedicellariae, 1 2 mm. loinr. 50. 

This and some other specimens from the region ot the lVibilof Islands ha\» \«r\ 

large straight pedicellariae. 

3,3ft Lt jttaxh ritis polnrix burial is, Western Hank, No. 11330, l. S. Nat. Mm., \er\ larc» 
specimen. Side \ iew of the largest inti rmarginal pedicellaria, 0.5s mm. h»i g. at d 
I w o detached jaws. 
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Plate 33 


Lrptastcrias pohiris katherinnr, except Figure 7 

Figure 1. Cotype Xo. Ill, abactinal crossed pedicellaria, 0.27 mm., X200. 

1 ( 7 . Jaws from (left) a supermarginal and (right) ail abactinal pedicellaria, 0.27 mm., 
X 200. 

16. Another type of abactinal pedicellaria, 0.20 mm., XI 00. 

lc, If/, lc. Adambulaeral spine pedicellariae and parts; Id is the inside view of tip of jaw; 
lc, 0.3 mm. long; all X 100. 

I/. Side view of earinal plate, showing three abactinal spines, X 10. 

2, 2u. Xo. 11X1, Museum of Comparative Zoology, Gulf of Georgia, two abactinal pedicel- 

lariae, the left 0.225 mm., X 100. 

3. Xo. 110, Gray’s 376 (smallest specimen), an abactinal crossed pedicellaria, 0.23 mm., 

xioo. 

3(7. Jaw of a pedicellaria from an adambulaeral spine, 0.27 mm. 

4, la. Typo, straight pedicellariae, intermarginal channel, 0.5 and 0.G mm., X50. 

46. From furrow spine, 0.375 mm., X50. 

4c. Waive of same from inside, X100. 

4 cL Basal piece, X 100. 

4c. Valve of furrow spine pedicellaria, detached, 0.35 nun., X100. 

5. Xo. 110, Gray’s 376, an adambulaeral straight pedicellaria similar to those from other 

parts of the body, X100. 

0. No. 1181, M. C. Z.; an abactinal straight pedicellaria, XlOO. 

7. LeptasUrias pnlaris acervata f. aphclonota, type, various spines, X10. 

7, 7(7. Inferomarginal. 

76. Superomarginnl. 

7c. Subambulacral. 

7d; a, 6, c, d. Abaci innl. 
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LEPTASTERIAS POLARIS KATHERINAE 

FOR explanation of plate see page facing. 






I’lvti. ;? t 


L* riits jinluris Icatla rimu 

<*o|\po, skntnton of ray from tin* mitsido. sliowinir antiual, latoral. and part of dorsal 
plains, l>aso of ra> to loft, • I; l). dorsolatoral plains; N, MiporoinariiiiiaK; /, inforn- 
nian'inals; i i, intcrniarcitial papular an-a>: .l 1 .1-', oiitor and intior sorios of »< tinal 
plains; A I), adniiilmlanrals; AM, outer end* of ambulaoral orioles. 

( \*\\ po, port ion of dorsal skeleton from nontoniio surfam, show i u tc most ly t ho coni ret iim 
plat on ; r '.I // <\ radial lino of plati^; I rn\ i* to tin* riidd, 4. 

T\ po. plains of tho inoutli anido. The niulmlneral plains aro shown on tio loti. < »n 
tho rmht aro tho mouth plains and tho adoral adamlnilai rals, o. 

I’otypn, aduiuliulanrul armaturo noar tuiddlo of ra> . Tlio think spino al»o\o is an iunor 
art inal. 

Cotxpo, a oarinat plain. 10. 

T\po. an iuferomaridnul spine, 10. 

Jso 


Plate .33 

Leptastcrias polar in boreal in, 4 5 

Fuji ue 1 . Caribou Island, Labrador, X o. 1307, Mus. Comp. Zool. 

2. Caspu, Quebec, Xo. 130s, Mus. Comp. Zobl. 

3. Caribou Island. Labrador, Xo. 1307, Mus. Comp. Zool. This is fairly typical Lcplan- 

Urias polaris bare i!is and is one of the lot from which Perrier’s type was derived. 
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1. LEPTASTERIAS POLARIS KATHERINAE. 2.3. L. POLARIS ACERVATA FORMA APHELONOTA 


FOR EXPLANATION OF PLATE SEE PAGE FACING. 



Ft ant*: l 


Pl\TL 

[j *mi > ft^nri 1 i f hmni . pirtio'iof ahiMuiil surfa 1 -<f tvp\ 2. 

\ 4 , ri>i < art ’> otn forma tip! ilonohi, t \ p<\ 0. «'»*». 

Sana*, portion of artinal >urfa<v of tvpr. 
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Plate 37 

L< pioslrnofi polar is accrvula forma accrrata, P 4 

Fn.ntK 1 . Station 3233, Bristol Hay, Bering Sea, shallow. 

2. Station 3233, 1 Bristol Hay shallow. 

3. Station 3233 Hristol Hay, shallow. 

1 Indian Point, Siberia, 17 fathoms. 
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Plate 39 

Liptastcritis polnns acfrvnla forma pnlj/lJida, natural size 

ifitTKK 1. Station 32M, north coast I'nimak Island. 

2. Station 3olS, Bering Sea, near St. Matthew Island. 

3. Station 3139, Bering Sea, west of Prihilof Islands. 
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1*1. VTK tO 

L> i>l‘is(' rins itolnrts nnrrnUi forma /«./»//< M, natural sue 

Fk.crb 1. Station :«5«, north ooa-t I'nimak Islam!. 

■_>. Station I! 1 10, IV-rinc Sea. " ''~t of I’rihilof I«laii<l-. 


Plati: 1 1 

Lt planter in s polar is hath erinac 

n;r he 1. Portion of aetinal surface of typo, speeiman 107 of typo series, 
2. Ootype, specimen 111, of type series, l 1 ^. 
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Platk 12 


Kit. i it k 1. Li ptiislvnas cumtschnttm: project ion of .skeleton from actinals to carinals, at base of ra> 
which is at left, \ It); AC, two series of actinal plains; .1 />. direction of base of ra> 
CAR C, carinal series; l)L , clorsolaterals; /, inferomarginah ; .s’, stipe romari'inu]* 
la. Same, dorsal spiuolet, 11.5 mm . < 50. 

15. Same, an abactinal crossed pedieellaria, 0.225 mm., • 200. 

Ic. Same, two lateral straight pedicellariae, 0.30 and 0.10 mm., 50 
\<l. Same lYtropavIovsk, mouth plates, < 10. 

2. L. cnmt.schnticn ilispur f. nfsiotis; two abactinal spinelets, 0. 1 and 0.37 mm., \50. 

2<i. Same, iutermarginal pedieellaria of t>pe <0.12 imn.i ami a jaw, .50. 

3. L. camtxchutica d is par f. nitiiin; abactinal crossed pedieellaria. 0.10 mm.. *200 >t 

Vaul, l'ribilnf* . 

3a. Same, IVibilnf Islands; two abactinal spinelrls 0.7 and 0.5 mm.. 50. 

35. Same, Tualaska, abactinal spjnclet. 

3c. Same, two straight pedicellariae, O.s and 0.03 nun., • 50. 

I. L. cnintschatim i/iTc/wr f. i/ix/jur, Attn Island, straight pedieellaria, 0 03 tutu . 50. 

la. Same, Xa/.ati Ba\ , Atka; jaw of crossed pedieellaria, 0 27 mm., 200. 

15. Same, St. (leorge, I’ribilof Islands, 0.225 mm. 

2‘»7 


Plate 43 

Figure 1. Lcptastvnns ale utica; two abaetinal spinelets, 0.3s ami 0.4 mm., X KM). 

la, la'. Same crossed podieellariae; a, Adakh; a', Atka 0.2 mm.), 200. 

16, 1c. .Same, straight podieellariae, 0.3 and 0.24 mm., X 100. 

2. Leptastcria* l< ptodoma; straight pedicellaria, 0.5 mm.. X 100. 

2a. Same; abaetinal crossed pedicellaria, 0.24 mm., <200. 

26. Same, Adakh Island; projection of skeleton of base of ray from the carinals CAR to 
aetinals .1 , .1 , .1 1), direction of base of ray, I)L, dorsolatcrals, very thin and irregular; 
/, infcromarginals; >S\ superomarginals, X 10. 

3 Lrplastrnas attfeira: abaetinal spinelet, 0.5 mm., 100. 

3a, 36, 3r. Same, views of straight pedicellariae, > 50; 3a, 0.34 mm. 

3 <L Same, abaetinal crossed pedicellaria, *200. 

3r. Sana', projection of marginal N, / 1 and actinal plates .1 A , base of ray; .1 I) direction 
of disk. 
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1*1. ATK 1 l 


'iguiik 1. Lt ptnstr rifts hinrtis, eot\ pr, Xo. I3GS, » 10. Frojeetion of skeleton from carinals 
(r, r, r> to actimds f.lC ; a few adnmbulacrals indicated on left; \f>, direction »>f 
disk; #/, </, tl, dorsolaterals; /, infcromarginals; N, supcromnrginnls. 

In. Same speeimen; al>actinal eroded pedieellaria, 0.2 mm., 200; tip of l«*f t jaw on 
left. X 100. 

16. Kud of another pedieellaria < 100. The outer fare is on right instead of left a> in In. 
If, 1 »/. Same specimen, three straight pedieellariae. 0.07, 0.5\ 0.51 mm. *'50. 

1*. Same specimen, mouth plates and two udamlmlacrals, • 10. 

I/. Same speeimen; two almetinal spinelets, 0.1 and 0.5 non , * 100. 

2. /,. Inxoctis f. svhrea, Kodiak Island; ahaetinal spinelet, 0.51 mm., ^ 100. 

2n. Same; pedieellaria from large intermediate speeimen, Homer, Alaska, 0.t» mm , 50. 

3. 7v. tnxnctis f. pi* tin, Forrester Island, Alaska, ahaetinal pedieellaria, 0.2 mm., 200; 

and outer face of terminal lip of another, ■ 100. 

■I. L. In met is f. osp*rn t Kodiak; abaetinal spinelet, 0.13. loo. 

In. Same, Cordo% a; abaetinal pedieellaria, 0 25, <200. 

16. Same, Cordova; jaw of a straight pedieellaria. 100 
Ir. Same, Cordova: straight pedieellaria. 0.5X mm., *'50. 

5. L . hrxartis f. hexnrtts. iiitergrade with rancour’ rt Cla» 111 , San Juan Islands, Wash., 
X50. 

i». L. hex net is f. rcgularis , San Juan Islands, Wash.; crossed pedieellaria, 200 left and 
terminal lip, / 100. 

200 


Plate 45 


i (ii ’ re 1. Lepinstcrins hrxnctiit rancniirrri , San Juan Islands, Wash., X5. Projection of skeleton, 
base of ray of a large specimen; CAI\, carinals; DL, dorsolalerals; S, superomar 
phials; /, inferoinarginals; AC 1, 2, two series of aetinals; AD, direction of disk, 
hi, 16. Same, two abaclinal spinelets, (1.5 min., X100. 
lc, lr/, lc. Same, straight pedicellariae, 0.-15, 0.54, 0.5S min,, X 50. 

2, 2 a. Lcpiastcrias hrxactis f. aspcra , Kodiak, straight pedicellariae, 0.55 and 0.40 mm., 

XI 00. 

3, 3a, 36. Lcptaslcrins pusilla, straight pedicellariae, X50; 3, 36, from actinal interradial 

region; 3a, from adambulacral spinelet. 

3c. Sana', mouth and two pairs of adambulacral plates, > 20. 

3d. Same, projection of skeleton, base of ray, X 10; ('Alt C } carinals; DL , dorsolaterals, 
stippled; S, .supemmarginals; /, inferomarginals; AC 1, 2, aetinals, the second 
series in solid black; AD, direction of disk, and seven adambulacral plates. 
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J'latk It> 

i’UK ]. I,ep((istcriax h exact is vnticouvt'ri, :i small dorsolateral spinelet, a1*^' 

2. Lc plastcrins pusilla; dorsal spinelets, 0.32 to (l.3t’> mm., X100. 

2a, 2b. Same, dorsolatrral spinelets, * 100. 

2r. Actinnl spinelet, 100. 

2d. All abac tin a I eroded pedicelluria, v 200. 

3. L( pltislcrias aiqualis, Monterey Bay; abaetinal eroded prdieellarin, <121 mm., 200, 

and, to riulit, outer face of terminal lip showing enlarged lateral teeth, 100. 

3a. Same, Friday Harbor, Wash., abaetinal, 0.21 mill. 

3b. Same, Monterey, abaetinal, 0.2 nun.. * 200. 

3r, Same, Monterey, from an adainbnlaeral spinelet, 0.21 mm. 

3«/. Same, from an aetinal spinelet, 0.23 mm. 

3r. Same, Monterey. v 10; projection of skeleton from earinaN. fM A* to aetinaN .1.1, 
l>L } /, 2, dorsolaterals; N, snperomarginals; /, inferoinar^inaN; .1 />, direction of 
disk ; live adambulaerals shown at bottom. 
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1 (JUKES 


Leptasterias arqualis 

1. In, lft. Monterey Bay, dorsolateral spinelets from typical large specimen, 0.55, 0.7, 

and 0.5 mm., 100. 

lc. Abaetinnl spinelets from a small, slcnder-spinod individual with H 12 mm., X 100. 

If/. Carinal spinelets from a small specimen (K 13 mm.) with short graimliform spinelets, 
0. 10 and 0.27 mm., X 100. 

1 c, 1/. Abactinal spinelets (Monterey specimen), 0.30 and 0.45 mm., X 100. 

2. Mouth plates and two adambulacrals, from typical large Monterey specimen. 

2u. Another variation. 

3. Two straight pedicellariae from ambulacral furrow, 0.4S mm., X100. 

3a, 3c. Two pedieellariae from adambulacral spinelets, 0.24 and 0.225 mm., X200 (about 
half as large as 3). 

3 ft. One of the narrower straight pedicellariae from oral spinelet, 0.4 mm., X100. 

3f/. A similar one from the aetinal interradial region, 0.45 mm., X 100. 
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LEPTASTERIAS alaskensis asiatica 2. L. ALASKENSIS 3. L. alaskensis f. shumaginensis. 
4. L. alaskensis multispina 5. L. alaskensis f. pribilofensis 
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Platk is 

1 In. Uptattcria* ii/.ix*. mu* nsmlica, type. • -•>. liiteriiiarKiiial Mruitlit 

for comparison with Figure -\ same inaumhcatin.i, l„-ft hgurc, < - »">■• 

\b S uin', Boring Island. 0 5S nun., XS<> t ivirc enlargement of ■ 

lr,' I./. Same. Siiniishir, Kuril Islands, two detached jaw*. ■ *>. , ' ,,m l ,,mson with 

>. ,.rP"rlTZZl f. ala*kc,<i., I'-alaska. Tl.ro, • views of a large halved lateral 

potlieollaria, 1 mm., > -•>. 

2n. Detached jaws, \ r ><>. 

•2h, Cnwseil pcdiccllariu from ndiimlmhieral M>«nrht, ■ H n. 

2c. Almctiiml crow-tcd pediecllartu, l nala>ka, 

2>{. Same* from St. Paul, Kodiak, 0.21 nun., ^ ’^0. 

•>, Throe abactinal spinoh ts. Kodiak specimen, (I T'-'. O s. '> <• tom . •> • 

•if I’rojootion of skeleton. basal third of ray. showing irregular oar.nal mth- < 

broad dorsolateral area </>, »>. tnnrginal* (S', / low on side of ray, ,noons,„ouons 
aotinals ; M), direction of di.-k, 


2f> Late ral bivahed pcdiccllarin, 0 03 mm 


} 4% plaxh rios nlaxkt usis (. shutnagtnt nsis, 
compare with 1 anil 2) . 

3u. Two jaws, • fit I compare with lr, 1 «/. -’<i. same enlargement . 

I /,, ;.M*/. rhi* ,|/<I.W.V mullhpina. Wrangell, Alaska. • 5"- ' 

ooii, pure with tilt. J; but note different magnifications . 
s. /., ptiistiritis . f. pribilnf, St. 1’anl, I’r.b.lof Mauds, 

v 100 (twice maRiiilicat inn of 2» >. 

5n. Lateral pedieellaria. 25 eompare with tig. 2. same enlargement 


late ral |»cdicelhmac 
Mmct tnnl "pinch t 

'MKl 


Plate 40 

Fum he 1 . Lcpiastcrias camtschatica Hrandt, Medni, Commander Islands, XIH. 

2. Lcpiastcrias camtschatica dispar (Veri-ill) forma nitida Fisher, St. Pan], Pribilof Islands, 

xm. 

3. Lcpiastcrias camtschatica dispar (Verrill) forma ncsiotis Fisher, St. Paul, Pribilof Islands, 

XV,. 

4. Lcpiastcrias camtschatica dispar (Verrill) forma nitida-dispar, Si, George Island, Pribilof 

Islands, XlG. 

5. Lcpiastcrias camtschatica dispar (Verrill) forma dispar , Attn, Aleutian Islands, Xl^. 

6. Lcpiastcrias camtschatica dispar (Verrill) forma dispar, Unalaskn, Aleutian Islands, X2. 
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1 LEPTASTERIAS CAMTSCHATICA DISPAR FORMA NITIDA. 2. 3. L. ALEUTICA. 4. 5. L. ASTEIRA 

7. L. HEX ACT! S FORMA HEXACTIS 


L. LEPTODOMA 
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♦ i. 


Ia ptastt rni.'i rnmtsckatmi <1 spar forma nilttht, karluk, ImmIlik 1 
Ia plasti rias alt idea, \ i al;i>ka, 3. 

Ia p(as((rias ah idea, t\p«\ \<l:tkli Ulautl, Aleutian I>lan»l>. 2 

Ia fita^tt nas asft ira, Sanborn Harbor, Xauai, Sliuiiiacin Nlai <N, > 

Ia pfast* rias ast* tea. \<laklt. Heutian M:tn<N. '3 

Ia ptasti rifts h /t'tt Itttna, \tka. Meutian Mainls '2 

Ia pfasft rian / * r let -» f<»rin:i Orras, San Juan U :linU. \\ a~ , 




Plate 51 

With the exception of Figure 4 all specimens are from Stimpson’s type series of Leptastcrias hcxactis. 
No. 1308, l\ S. N. M.; slightly less than twice natural size 

Figure 1. Forma regularis. 

2. Forma hcxactis , the type specimen. 

3. Forma h exact is , skeleton of one arm cleaned. 

4. Forma aspcra, Alert Bay, British Columbia (not a Stimpson specimen). 

5-0. Forma plena. 
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